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PEEFACE. 



The Author of this little ■work having in his earlier pro- 
fessional days experienced much difficulty in acquiring 
reaUy practical information on the detaUs of constructive 
engineering in ironwork (finding, indeed, little or nothing 
said about it in books, and consequently having been com- 
pelled to rely altogether on his personal observation, and 
noting that even now engineering literature chiefly treats of 
abstractions, its pages being filled ad nauseum with letters, 
algebraic signs, equations, and formulae) has attempted in 
the following pages to lay before the student, as well as 
before all others interested in the matter, the results of his 
own professional experience. He gives no abstractions ; 
he deals merely with construction pure and simple, and aJi 
collateral matter incident to it. 

In criticising specifications he simply draws the attention 
of engineers to points in them which he found, whQe act- 
ing as an inspector and responsible for their due fulfil- 
ment, to be defective, and to cause unnecessary friction 
and lack of harmonious feeling between the two parties to 
some of his contracts; while in other cases, where the 
specifications were what they should be, no such friction 
existed. 

At the latter part of the last chapter will be found 
extracts which the author has taken the liberty of making 
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THE CONSTEUCTION MD EEECTION 
OF lEON BRIDGES. 



CHAPTER I. 

PtBST STEPS TAKEN — SELECTION OP SITE — PREPARATION OP DHAWINGB 
— PIGURED DIMENSIONS — UNPRACTICAL DRAWINGS — PACKINQ PIECES 
— SPECIPIOATIONS— DRIPTINQ OILING PLATES. 

The construetioii of an iron bridge, from its inception to its 
opening for public use, is effected by a regular and syste- 
matic routine of operations, and the intention of the author of 
this little voliune is to describe in a simple and concise manner 
the method of their performance as well as to comment 
upon one or two points still debatable amongst engineers. 
Por convenience a road bridge, 140 feet span over a river, 
is assumed as the work to be carried out, and this will be 
quite sufficient to give a knowledge of principles such as 
apply to the construction of iron bridges of moderate span 
generally. The site for the bridge having been selected, 
the first step to be taken is to ascertain the nature of the 
subsoil on which the foundations of the abutments are to 
rest, and this is done by boring holes several feet deep into 
the ground at both banks, and, if central piers are being 
used, in the bottom of the river also. For whether the 
firm ground or base be near to or remote from the surface, 
it must be reached. In certain cases it may lie so deep 
that piles must be resorted to, but generally rock, London 
day, or hard sand is come-at-able. The borings are fre- 
quently made, not by the engineer's regular staff, but by a 
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man who makes such, work a special pursuit, having his own 
particular appliances for it. He sinks holes into the ground 
at each bank to a depth sufficient to reach hard and firm 
foundation, such as clay, hard sand, or, best of all, the 
solid rock. If the intention is to make the 140 feet in two 
spans, then borings are also made in the middle of the 
river to find foundations for the central pier ; as the bridge 
selected is, however, to be of a single span, this requires 
no notice here. 

When aU questions of foundation are settled, the engi- 
neer proceeds to prepare two sets of drawings — one for the 
masonry, the other for the ironwork, as well as two specifi- 
cations to correspond. The ironwork alone being the text 
of this book, no more need be said of the masonry. As 
has been observed in the preface, no calculations or for- 
mulae are noticed for estimating strains ; the student can 
refer to many excellent works on that topic. Drawings, 
however, require notice. In this h:gh-speed age, when 
time to busiuesB men is of so much value, there exists a 
great temptation to unduly hurry the drawing office, with 
the result that details are often imperfectly worked out : 
rivets are shown in places where they cannot be put in 
actual construction, or they come just at joints ; bolts are 
put in places on paper where their nuts cannot be got at 
with a spanner to turn them in practice, and various other 
defects and oversights occur, all of which caufe delay at 
subsequent stages of the work. Drawings ought to be 
made to the largest convenient scale for general arrange- 
ments ; and details should be as much as is possible full or 
half size, with lines not too fine, and to be distinctly coloured. 

Some engineers object to give more than two views of a- 
piece of work, such as elevation and plan, but no end eleva- 
tion, sectional plan, &c. This is unwise ; it irritates con 
tractors and their managers and foremen, as they object to 
be put to trouble reading drawings more than is absolutely 
necessary, and they are tempted to assume certain things 
as being intended very different from the engineer's view. 
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Another thing engineers often forbid in preparing draw- 
ings, viz. dotted lines, alleging that they tend to complicate 
and obscure the drawings and confuse workmen. The 
author has certainly seen dotted lines that did so, for they 
were simply a series of strokes hastUy ruled in without 
due regard to their object, and one of such short strokes 
coming in a particular place will show an angle-iron to 
have a division in it where really there should be none ; and 
it may be all very well to say, " Oh, any person with an 
ounce of sense can see what is intended." That is quite a 
fallacy. The essence of good drawings is that they should 
be as perfect and distinct as the hand can make them, and 
dotted lines should be really dotted neatly and clearly, care 
being taken not to put dots at places where they will 
appear to apply to some other part of the work. All 
sections should have proper foot notes such as " Section 
on line A b. Fig. 3," and Fig. 3, &c., should have a section 
line put across it exactly at the proper place. This is some- 
times not done ; only the letters are put in, which is not 
sufficient. Colours ought to be used more generally than 
is too often the case at present ; they give a great deal of 
clearness to the drawings, and in many cases enable the 
design to be read almost at a glance. 

Another point of great importance is that the colouring 
for sections should be very distinct from that of elevations, 
and not only this, but a good draughtsman, with a little 
care, can always manage to alter his tints so as to bestow 
great distinctness on the individual parts of a; structure, 
■ not resting content with washing on a blue here for wrought 
iron, or grey there for metal, but by an intelligent use of 
his colours make his drawings clear as print. For instance, 
a common method of distinguishing between iron in eleva- 
tion and iron in section is either not to colour the former at 
all, or else in a pale tint, while the latter is washed in flat 
with a deep tint ; but drawings may be made clearer still 
if sections are cross-hatched in colour with a brush, and 
where a number of parts, such as plates, &c., lie beside or 
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on each other, each ought to be hatched reverse to the 
other ; while different parts near each other in elevation 
might he washed in tiats of different depths, those farthest 
from the eye being deepest, and so on. It is more easy to 
make distinction in east-iron parts than in those of wrought 
iron, because only blue can be used for the latter, while 
many shades of grey may be mixed for the former. 

Another very important feature about working drawings 
is the use of figured dimensions. Engineers differ a good 
deal in opinion upon this, some of them considering that 
time spent figuring drawings, especially those of a large or 
full scale, is spent for nothing and wasted, while others 
agree with the author that full dimensions expedite subse- 
quent operations and prevent mistakes and misunder- 
standings. Indeed, in most cases workmen cannot scale 
measurements off drawings unless they are mounted on 
boards. Not only should figured dimensions be put on, 
but they should be properly placed, and in nothing is the 
practical workshop knowledge of the draughtsman more 
required or displayed than here. A man either careless 
in his work or destitute of workshop or girder-yard expe- 
rience, wiU crowd his drawings with a number of perfectly 
useless and confusing figures, rendering it often necessary 
for a foreman to work out many sums in addition and sub- 
traction before he gets the size he wants. It is obviously 
impossible in a book to teach how drawings should be pro- 
, perly prepared for 

j- 4—-, , workmen; all a writer 

can do is to outUne 
principles to be fol- 
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t—eii-^j ! lowed. Dimensions 

^'«- ^- ought to be taken 

from and to planed or other cut faces or edges, and as far 
as possible each separate part in a general arrange- 
ment ought to have its own set of figures, so that a foreman 
can take a pencU tracing of any one piece with its dimen- 
sions and give it to a man to work to. Such a method as 
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is shown in sketch, Fig. 1, is bad, because in order to find 
distance of rivet-holes in right-hand plate from its edge 
a sum in subtraction must be worked, and obviously a 
tracing of right-hand plate alone could not Id e given to a 
workman without adding a dimension, which entails the 
return of the drawing to the office, because, in properly- 
managed works, no dimensions should be put on drawings 
by foremen or workmen on any account ; the drawing-office 
alone is the place for this. 

The greatest care should be taken to make the arrow- 
heads at the extremities of the dimension lines as clear 
and well-defined as it is possible to make them. Often 
they are put on faintly, or so carelessly that the person 
working from the drawing is puzzled to know what is the 
real end of the Hne, whether it does or does not include 
some thin plate beyond, and more sums have to be worked 
to find it out. A draughtsman, if he is in doubt abou 
some practical point of method or possibility of construc- 
tion, should never be too proud, if he is in the drawing- 
office of a works, to go to a foreman and ask him how 
best to arrange his details. There is no use in designing 
castings whose cores cannot be drawn or that cannot be 
moulded, nor in showing rivets so arranged that their snap 
ends are inside a box or other place, where a man may not 
have room to swing a hammer to close them down, while 
the heads are outside where there is ample room to do so. 

In bridge and girder work it con- 
stantly happens that angle-irons are 
fastened to plates, as shown in 
sketch. Fig. 2, the drawings show- ^ 
ing the outer edge of angle brought ^ 
out close to edge of plates, so as to 



be "flush." Now this looks aU ^^^ 2 

very nice and so forth on paper; 

in actual practice it never can be effected. Unless the 
rolls in which the angle-iron is finished are quite new 
and in first-rate order it will not be of perfectly uniform 
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breadth, and as the rolls are, when new, of the nominal size 
of the iron, of course the older they grow the more defective 
their grooves become, and the iron gets irregular in shape ; 
the consequence is that it is not all along flush with the 
plates, but in some parts projects beyond them, making 
the work look unsightly, as shown in sketch. Fig. 3. The 
proper way is to place the angle-iron so that its outer edge 
win be at least ^inch inside plate edges, or evenmore. Again, , 
in marking aS. plate and angle- ' 
iron butt joints and rivets, thfe 
designer ought to endeavour to 
avoid rivets falling just on joints, 
and uecessitatLng half-holes ; this 
often happens, and can be avoided 
Fig. 3. by a little forethought, but where 

work is unduly hurried through the office points of this 
sort are neglected. 

As to general common-sense principles to be observed in 
preparing designs for ironwork, care should be taken not 
to split hairs when estimating scantlings or sections of iron 
to be employed, but to work to such as can be readily 
purchased. No greater waste of time can be imagined 
than the calculation of sections to suit with absolute exact- 
ness the estimated strains to be borne, but which cannot 
be obtained. Here science gives place to absurdity. 

In iron girders it often happens that packing pieces have 
to be introduced, and this is much to be regretted, as it is 
difficult to get workmen to shape or plane them with thp 
requisite care to make them truly butt tightly where they 
are relied on to take compression strains, and in any but 
compression members they are nothing but redundant iron 
or idle dead weight. In the opinion of the author, if short 
pipes or thimbles used as "distance pieces," as shown 
in Fig. 4, were employed at b, riveting could be more 
firmly done and a great deal of dead weight got rid of. 
The sketch shows a series of main flanch plates with lattice 
ties and struts between them, the lattice ends being shown 
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in section. These thimUes could at least be used in ten. 
sion work. 

It is soraewhat unfortunate that sufflcient attention fe 
not always given to details when preparing drawings and 
specifications, the result heing that disputes and delay 
ensue during the progress of the work. Instances of this 
will he given where they present themselves in the course 
of this book. 

The specification for any piece of work is equally im- 
portant as the drawings. It usually consists of two parts, 
the one legal, and it is commonly a stereotyped form, not 
necessary to refer to here ; the other the constructive part. 
This is reaUy a sort of description of what the con- 
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tractor must do, the quality and kind of materials he is to 
use, the men he is to employ, and the maximum time he is 
to take in completing the work. Too frequently specifica- 
tions are very defectively drawn, and betray much of either 
ignorance or else inattention on the part of those preparing 
them. This is due to the practice of merely transcrib- 
ing old specifications again and again, until they are 
nothing better than well-preserved fossils. The specifica- 
tions of the earlier engineers were drawn when the details 
of practical construction were less imderstood by all parties 
and tools were less numerous and less perfect than is . 
now the case, and too often specifications are ridicided by 
contractors and works managers on account of clauses they ' 
contain; such an one for example as that "forbiddiug 
the use of drifting on any account whatever." This de- 
mand is absolutely impossible of fulfilment. As this little 
volume is intended more particularly for young men 
studying engineering, a drift, its use and abuse, must be 
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explained. There are three shapes of the tool, known 
respectively as the barrel drift, the taper drift, and the 
parallel drift. They are all short round pieces of the 
toughest and hardest steel. The barrel drift is shown at 
Fig. 5, and derives its name from its resemblance to a 
barrel iu shape. It is usually about 6 to 8 inches in. length 
and of various diameters (Fig. 5), according to the size of 
rivet holes being worked to. It is measured as a tool by 

____^ its central or largest dia- 

[ meter, and tapers to about 



inch less at each end. 
^"'- ^- Of the three shapes of 

drift it is the one most commonly used in bridge or heavy 
girder work, aqd its uses are twofold, namely to draw plates 
up to butt tightly to each other, and thus bring aU the parts 
into their proper places, and in cases where, from inaccuracies 
of workmanship or other causes, the holes in one concentric 
line in a set of plate's into which a rivet has to be put are 
too small to let the rivet freely in, the barrel drift, being 
first well greased, is driven, and as only just the central oi 
largest part of the drift acts on the hole, the drift can be 
hammered right through and out at the other end, drawing 
in its course the plates more truly together, or, if the platee 
are already secured by other rivets, slightly enlarging the 
holes, say -jV inch, or even less, but still quite sufficient to 
allow the rivet to be passed in. This last wiU not happen 

in good work. The tapei 
drift (Fig. 6) is also used 



Fig. 6. 



to draw up plates, and 
it, as its name indicates, 
is simply a round piece of steel drawn down by the 
smith to a slightly tapering form, say a taper of \ inch 
in four inches. It is used to draw plates together, or at leasl 
that is the idea of workmen. It is, however, both a 
mischievous and a really useless tool, because it fills up the 
hole in the first of a series or pile of plates, and as the 
holes in all are of equal diameter, it is clearly unable either 
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DRIFTS, OILING PLATES. g 

to draw all the plates till their rivet-holes are concentric, or 

to enlarge tight holes for rivets, as the barrel drift does. 

Fig'. 6a shows this, as it represents in a slightly exaggerated 

manner the action of a taper drift, 

in a set of six plates to draw 

them true. It has passed, as will 

be seen, through the first plate, 

straining the hole open ; through 

the second, and ' going partly I I Fio. 6a, 

through the third, whose hole it 

does not fill, and it fails altogether to reach the remaining 

plates. If specifications absolutely forbade the use of any 

but barrel or parallel drifts the clause would be reasonable 

and would inspire respect. Fig. 7 shows a parallel drift ; it is 

simply a round bar of steel, having one end drawn down with 

a rather quick taper. It 

is most useful for drawing 



plates up into their proper 
position, because its small "*' 

end can find its way into rivet-holes such as are shown in 
Fig. 6a, and as the diameter of the drift is the same through- 
out, save just at the entrance end, and equals that of the 
rivet-holes, it nicely draws the plates into a true position 
without straining or injuring the iron. In light girder 
work a tool such as Fig. 8 is used to draw the plates up ; 

it is virtually a parallel 

drift with a spanner at ~] ^ "?)( j 

one end ; it is never '— -^ 

struck with a hammer, 

and is simply used as a lever, but it is of little use in 

heavy work. 

Another old-fashioned clause often retained still in 
specifications is the stipulation that the whole of the plates 
shall, after leaving the roUs, and while of a certain speci- 
fied temperature, be dipped into oil. This is a most unprac- 
tical demand and is seldom or never carried out. No roll- 
ing mill is provided with an oil tank for the purpose, and 
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even if it were, the operation would entail not a little ex- 
pense. If oil is insisted upon, then let a workman bring a 
hueket of oil and a coarse sweeping-hrush and brush the 
oil over the hot plate. The idea suggesting the use of the 
oil is to prevent rust, but in fact it is not at all necessary, 
because the miU scale will effectually protect the plate ; and 
besides this, most modern girder yards are to a great 
extent covered in against the weather, and so the plates are 
not exposed much to wet. In other respects this coating 
with oil is a positive evil. Workmen detest it, as it makes 
their clothes and hands dirtier and greasier than they 
already are, the plates are rendered slippery and danger- 
ous eitherto walk on or to handle ; and finally this greasy 
surface picks up a lot of dust and dirt, and when riveting 
time comes this is difficult and tedious to perfectly scrape 
off, while if not removed it is sandwiched between the plate 
faces and causes much difficulty in getting tight riveting. 



CHAPTEE TI. 

SPECIFIED TESTS FOR IRON — MODES OF TESTING — ELONGATION — BOARD 

OF TRADt HEGULATIONS EXAMINATION OF PHACTUKE — AVERAGE 

OF A NUMBER OP TESTS — CDTTING PLATES FOR SAMPLES. 

Another clause demands that iron from which rivets are 
to he made shall hear a certain tensile strain before break- 
ing. This is an unwise stipulation, because, no matter how 
good the iron may be at first, it may be overheated when 
being made into rivets, and yet the engineer can hardly 
make any complaint, for he has passed the iron. By far 
the better plan is to stipulate that the rivets themselves 
shall bear cold bending under a hammer tiU the rivet is 
quite closed down on itself without cracking. This is 
quite a fair demand, because rivets of this quality can be 
readily purchased. 

A very common item in a specification is that defining 
the testing of the iron to be supplied. The clause is usually 
a simple demand that the iron shall sustain a tensUe strain 
of not less than 21 or 22 tons per square inch of sec- 
tion, according to the disposition of the engineer who 
designs the work, while it must also have a certain amount 
of elongation before fracture. , Sometimes this is to be as 
much as 14 per cent. ; other engineers are content with 13 or 
even 12 per cent. The reason for the two tests of break- 
ing strength and elongation is that hard crystalline irons 
are those which, other things being equal, give the highest 
breaking strains ; when they do fail, however, they give no 
notice and are therefore considered treacherous, and soft 
tough iron, while leaving a relatively lower co-efficient of 
breaking strength, elongates considerably before givingway, 
and therefore giving plenty of notice. The experienced 
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engineer then seeks a medium, and requires an iron which, 
while capable of sustaining an amply sufficient breaking 
strain, yet also, by a sensible elongation before fracture, 
gives indication of a reasonable toughness. Beside the 
reason given above there is another why a tough fibrous 
quality should be present in the iron. The natural ten- 
dency of iron, even at rest, is to become by degrees hard 
and crystalline, and if subjected to vibration the same pro- 
cess goes on more rapidly. So much so indeed, that a bar 
of the softest and toughest iron, really as tough as copper 
and extremely fibrous, wiU, if exposed to repeated blows 
from a moderately heavy hammer, actually become so crys- 
talline and brittle as to separate iuto two pieces ; and the 
engineering student cannot do better than read Fairbairn's 
"Useful Information for Engineers," where, as weU'as in 
other works by the same and other eminent authorities, 
he will find accounts of experiments' on the effect of 
vibration upon iron and steel. 

The iron is tested as follows. The millowner having 
contracted with the maker of the bridge to supply the whole 
of the iron at a certain price, sends in some sample plates, 
tees, and angles. The engineer, having received notice 
that the iron is ready for testing, either goes in person or 
sends a competent representative to the yard. He selects 
certain pieces, and stamping them with a steel stamp of his 
own, these pieces are then planed and filled to a proper 
shape for testing, and so as to be exactly one square inch in 
cross section. Fig. 9 shows the shape of a test piece ready 

to put into the 
machine. The. size 
varies a little ac- 
cordingto thehabit 
of the inspecting 

^^_ engineer. Some 

f^^ engineersmake the 

distance from a to 
B ten inches, and they thus get a measure of tenths, whereby 
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they can readily estimate the percentage of elongation. 
Others adopt 6J inches as the length, and it is one very 
convenient, being just one hundred-sixteenths of an inch, 
and consequently each one-sixteenth elongation represents 
one per cent. ; therefore the percentage can be seen 
at a glance. The tees and angles are tested in the 
same way, the central web of the tee and one web of 
the angle-iron being planed and the remainder shaped 
as before described. The test sample, as shown in 
Pig. 9, is planed and filed between a and b perfectly 
parallel. It ought, on the contractor's behalf, to be care- 
fully examined before testing, to see that no cracis, cuts, 
or indentations are on the part between A and b, as any 
such would injure the piece and cause it to break at a lower 
strain than it otherwise would. It must be also parallel 
and of exactly equal cross area. Before it is put into the 
testing machine, two marks are made with a centre-punch 
at A and b. Fig. 9, at an exact distance of 6i inches, or one 
hundred-sixteenths apart. The piece is then put into the 
testing machine, which consists of a system of levers and 
weights, to which one end of test piece is connected, and a 
hydraulic ram, to which the other end is secured. The 
machine is then loaded, to begin with, to a strain of say 
fifteen tons. It must be explained that the cross section of 
a test piece is not square except when the plate of which 
it was a part happens to be an inch thick. The plates in 
bridges such as those under notice are usually either 
I inch or \ inch thick, and as there are 64 square 
eighths in a square inch, it foUows that a | test piece 
must be of a breadth found by dividing 5 into 64, or 12-8 
eighths, or practically the piece must be \\^ wide. 

Starting, then, with fifteen tons, the loads are gradually 
increased, very great care being taken to avoid jerks or 
shocks of all kinds, because they are very destructive in 
their operation, and their true strain value cannot be 
measured in cases of this sort. They must be carefuUy ex- 
cluded, and the loads so gradually applied as to give the 
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molecules of tlie iron time to adjust themselves to sustain 
the added strain. 

At first little elongation is observable, but when the 
strain comes within two or three tons of the breaking or, 
as it is called, the ultimate stress, the iron stretches more 
rapidly, and finally breaks. The pieces are then taken out 
and the fractured ends examined, to ascertain what relative 
proportions exist of crystalline and fibrous iron respectively 
in the piece. The millowner, as has been already explained, 
has to supply an iron combining toughness with strength, 
and he piles tough iron with hard crystalline strong iron, 
and rolling the pUe out again and again gets the class of 
material required. The same end can also be attained by 
other processes of manufacture. 

With respect to testing the iron for such public struc- 
tures as bridges, whether for road or rail, no legal restric- 
tions exist, save that the Board of Trade demands that no 
part of an iron railroad structure shall be exposed to a 
strain exceeding five tons per square inch section in tensile 
work, nor more than four for compression. As to cast iron, 
it is never exposed to tension, and its compressive strength 
is so great no rule seems to exist about it ; indeed, of late 
years it is falling gradually into desuetude, save for columns 
as a building material. The weU-known engineer, Mr. 
Kirkaldy, selected the testing of iron and steel as a 
special professional pursuit, and spent a large sum of 
money in erecting a testing-houBe and fitting it with 
elaborate machinery, and for several years it has been the 
custom of many engineers to stipulate in their specifica- 
tions that the iron required shall be tested by him. This, 
however, contractors object to, arg^uing that they are thus 
placed in the hands of one man, over whom they have no 
check, and who, although honest in intention, is, Hke all 
men, fallible and liable to be mistaken ; and that resorting 
to him causes about a fortnight's delay in the work, and 
moreover, costs money, for of course the contractor has to 
pay all testing expenses. Contractors themselves, or their 
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millowners, as a rule, either have testing machinery of 
their own or can use that of friends of theirs; while, of 
course, all of them can put up a sheer-legs in their yards 
and test the iron by the simple method of attaching a scale 
platform to the suspended test piece, and loading it with 
pigs of cast-iron till it is broken. Certainly, when care- 
fully done, this is a sufficient test, hut it is also a clumsy, 
tedious method, and one leaving many openings for errors 
to creep in. The simplest plan is to use any really good 
testing machine made by a well-known firm. The iron 
may be tested in presence of both engineer and contractor, 
and thus disputes can be avoided; but any rough-and- 
ready, old, neglected, or otherwise unreliable machine, 
should not be used, no matter how strongly the contractor 
or millowner may urge its employment. 

It is beyond the scope of this little work to go exten- 
sively into the testing of iron, a subject which is fully 
treated of by such able men as Fairbairn, !Reed, and 
Kirkaldy. 

To return to our test piece. When taken out of the 
machine and its fracture examined, its parts are laid on a 
level surface and joined back as closely as possible ; a pair 
of compasses are then applied and the distance now existing 
between the centre-punch marks carefully measured. Sup- 
pose they are now 7 inches apart, evidently the piece has 
elongated twelve-sixteenths of an inch ; hence the elongation 
is 12 per cent. It is usual to take three test pieces from the 
delivery of iron, and this raises a much disputed point as 
between engineers and contractors. It is obvious that in 
so skilled and difficult an art, one also depending so largely 
on questions of chemistry, as that of iron making, it is 
nearly impossible to get absolute uniformity in the results 
of any series of even three tests. The consequence is that 
owing to careless drawing of specifications, and a contempt 
for detaU sometimes shown by men otherwise eminent, dis- 
putes arise as to whether, if one or two of the tests fall 
below the standard contracted for and one exceeds, causing 
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the average to reach the standard, whether the engineer can 
legally or fairly reject the whole delivery. Of course it is 
clear that no misunderstanding can arise if the test clause 
of the specification is drawn, say, as follows: — "The iron 
shall bear a tensile strain of not less than 22 tons per 
square inch of breaking section before fracture, and shall 
show an elongation of not less than 14 per cent, after 
fracture. No sample tested to fall below this standard. 
Averages of a number of tests will not be accepted." 

Undoubtedly this would be a severe clause, and would 
if the specification had on its title-page a statement that its 
clauses would under no circumstances be relaxed in any 
point, increase the price tendered ; while if no such state- 
ment was made upon the title, then the contractor would 
call upon the engineer and ask him did he mean to exact 
that clause absolutely before sending in his tender ; for it 
may fairly be assumed that if every test shall be up equal 
to standard, it will be equivalent to demanding iron that 
will on an average of tests show 23 tons of strength. Here 
is an example of the evil of loosely drawn specifications, 
for the question as to whether the average of a set of tests 
or the lowest of the set is to be taken frequently forms 
cause of disputes. 

The method of obtaining the test samples, too, should be 
very exactly specified, because as the plates and bars are 
of course all delivered of finished or nearly finished sizes, 
therefore if test pieces are cut from them they are spoiled, 
even in moderate-sized plates. This is always expensive, 
but becomes much more so with large plates, and con- 
tractors very often oppose any demand on the part of the 
engineer to cut samples from them. It may be said that a 
certain number of plates ought to be rolled so much in 
excess of the finished size as to leave a margin for taking 
test pieces, but the objection to this on the part of the 
engineer is that if the contractor choose to be dishonest, or 
the mUlowner either, they may roU these particular plates 
of a quality equal to bearing the tests, whUe aU the rest 
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may be more or less infeiior, thus rendering the system of 
testing a mere sham. One simple method of settling the 
matter is to take testing pieces out of the trimmings sheared 
from the plates when they come from the roUs, the engineer 
or his representative being present and stamping the plates 
and the samples ; but still there is the objection that as the 
engineer cannot reside at the mill and see every piece rolled, 
of course if he attend but once or twice and secure samples, 
he has no guarantee that aU the iron will be of equal 
quality, and therefore it is obviously better for all parties 
that the ordinary clause empowering the engineer to take 
test pieces whenever he pleases should be drawn distinctly, 
and stating that plates of any size may be cut, and this 
should be adhered to. Engineers and contractors are ahke 
to blame in nearly all cases of disputes about the mean- 
ing of the various clauses of a specification : the engineer 
because he does not well define what he wants, and the 
contractor because before signing his contract he does not 
inquire the exact meaning of vague requirements. And 
all specifications should be the most common-sense docu- 
ments possible, and ought to have on the title-page the 
words printed, " The whole of the terms of this specification 
win be rigidly exacted." Engineers in too many cases 
have weakly relaxed their specifications, and as a conse- 
quence contractors have got into the habit, when tendering, 
of estimating that they may safely discount some of the 
clauses as not likely to be insisted upon. 



CHAPTER III. 



MVIN GIRDERS, THEIR GENERAL DESIGN — SETTING OUT WOIIK — DRILL- 
ING — MARKING CENTRES OF HOLES — BENDING ROLLS — FLOORING- 
CAMBER OP MAIN GIRDERS — MODES OP MEASURING IT. 

It may now be assumed that the iron has been tested and 
accepted, and the construction of the bridge can be pro- 
ceeded with. The first thing the contractor does is to make 
copies of the working drawings on cloth — that is, on Hnen 
prepared with turpentine — so that tracings can' be made 
upon it ; these are fuUy dimensioned, and sent out to the 
foremen of the dijEferent workshops. The method of subse- 
quent work varies somewhat in different yards, but we wiU 
describe one to begin with. 

The most important parts of any iron bridge are what 
are called the main girders ; these span the river or road, 
and sustain the cross girders and iron floor or platform of 
o the bridge; these are either arched 

more or less vertically, or are straight, 
according to circumstances, and if 
arched and of moderate span are some- 
times made of cast iron, in which case 
^they are cast in lengths of from 15 
to 20 feet, and are bolted together at 
their ends. A number of these are 
laid at equal distances of from 4 to 
6 feet apart, sufficient to give the 
required width of roadway. It is, 
however, with wrought-iron bridges 
we propose to deal, and select a 
Small lattice girders have 
between the top and the 
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straight lattice girder bridge, 
but a single set of lattices 
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bottom flanges. Girders of any magnitude, such as for the 
kind of bridge under notice, have a double set, as shown 
in Fig. 10, where a and b show the arrangement of the two 
sets. The lattice bars are secured to the main flanges 
by angle-irons i£ the girders are small, but for road bridges 
or other heavy wort they are fitted as shown in Kg. 1 1 , 
wherein either one or two deep plates c and d are secured 
to main flanges. The sketch shows just a piece of main 
bottom flange, sufficient to illustrate the connection, a is 
the compression lattice, or strut, 
as it is sometimes designated; 
it is usually made either of angle 
or channel iron, and stiffened stUl 
more by cross lattice bars between 
each pair of struts to resist bend- 
ing or buckling ; while b is the 
tension lattice or tie. The com- 
pression lattices are always put 
inside, for convenience of cross 
braciag. Packing pieces are put 
in between the lattices and the 
side plates c and d wherever the . 
lattices do not cross each other, 
and it is in places of this kind 
that the author considers thimbles 
should be substituted for packing pieces. 

Instead of lattices, girders have plain web plates ia some 
cases, and are then distinctly known as box girders, being 
indeed simply iron boxes. The. finest examples of box 
girders is to be found in the Britannia bridge over the 
Menai Straits ; and if, as is now usual, plain plate flanges 
are used, such girders are simple to make and are very 
strong. They are, however, heavy, and the sides offer much 
resistance to the wind. Scientifically regarded, they and 
lattice girders are alike, lattice girders being nothing more 
than plate web girders with holes cut in the web. There 
is more work required in constructing lattice girders, but 
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the parts are lighter and more portable than is the case 
with large plate girders. 

Before any of the parts of the girder are planed or 
drilled, half a length of it is marked out full size, either 
upon a mould loft floor or else on a number of surface 
plates arranged upon a long series of trestles. In effect a 
fuU-sized drawing is very exactly and carefully made on 
these, and the precise position of each joint and rivet hole 
is marked. The several plates are then consecutively marked 
and are planed on all their edges accurately smooth and 
square. They are supplied from the miU according to specifi- 
cation, which demands that they shall be perfectly smooth, 
true, level, and free from all cracks, flaws, laminations, or 
other blemishes ; aU, therefore, they require is planing on 
their edges. There are various ways of effecting this. 
Special machines, also, are made for doing the work ; but, 
perhaps, the best and cheapest method is that of piling a 
num.ber of them on the bed of an ordinnry planing machine 
and cramping them there very carefully and firmly. Both 
sides of the pile can be planed at the same time, and all 
the plates can thus be made absolutely identical in width. 
The ends must be planed by a different machine, because 
no planing-machine has a bed sufficiently wide to take 
plates 18 or 20 feet long. When the plates are planed 
they are ready for drilling ; and here again the method of 
work varies. It has been already observed that specifica- 
tions demand that all the parts shall be drilled while in 
the position they wiU finally occupy in the bridge. So far 
as the mere drilling of the main plates is concerned this 
can be done, and in yards fitted with a traveUing drill it is 
done. The plates are piled just as a complete main flange 
and strongly secured between the rails on which the drill 
carriage moves. The drills are set in the machine at the 
proper distance apart ; usually the rivets are pitched 4 inches 
from centre to centre, and so the drills are set. A series 
of centre-punch marks, 4-inch pitch, are made, on top plates, 
and the drill is set to work, drilling a complete set of holes 
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at one operation across the plates; then the driU is advanced 
forward 4 inches and begins again. Attention must be 
given by the foreman as well as by the engineer's inspector 
to this, because it occasionally happens that one or other of 
the drills become damaged, and if not at once replaced by 
a perfect one its chain of holes are necessarily defective. 

Another method of putting the rivet holes in plates is to 
drill one plate very accurately, then it is cramped down 
successively on each of the others and a centre -punch, con- 
sisting of a round piece of steel turned to fit the rivet holes 
very accurately, and having one end turned down to a blunt 
point, same as is shown in sketch. Fig. 12, is taken, and with 
it all the positions of the holes in the other plates are marked. 
When marked the holes may be drilled at once 
out of the solid plate, or else the plates are taken 
to the punching machine. Into this machine a 
punch is fixed, one- eighth of an inch smaller than 
the finished rivet hole; it has also a little pro- 
jection at its end centre. The punching machine 
is so made that the attendant can, by moving 
a little tumbler, cause the punch to be driven 
through the plate, or else it may just drop down 
upon it only. The plate is suspended ia the loop 
of a chain hung from a little carriage running 
freely upon the jib or arm of a light crane. A 
labourer or two manipulate and shift the plate to 
the orders of the puncher, who adjusts it tiU the pimch drops 
its projection in the punch mark on the plate ; he then 
throws over the tumbler, and at the next stroke the punch 
is driven through the plate. The plate, when the punch is 
withdrawn, is then shifted, and the punch put out of gear 
till it is once more centred, when it is again put in operation, 
and so on till all the holes are punched. The plates are 
then taken to the drilling machine and drilled out ^ inch 
larger than before, which makes them the full size, namely, 
W inch diameter for |-inch rivets, for it is a rule to make 
the holes -h inch larger than the rivet for aU rivets be- 
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tween \ inch diameter and 1 inch ditto. This is necessary 
owing to the expansion of the rivet when hot, its having a 
little scale on it, defective concentricity of the various holes 
through which it must pass, and such like practical con- 
siderations. The use of drilling out the holes after punch- 
ing is, that a circle of iron round the hole is injured by the 
punch, which when going through the iron tends to drag 
the immediately adjacent parts with a rending or tearing 
action. The nature of the action can he observed by the 
student if he take a common cotton reel and a round pen- 
holder. The reel with its central hole represents the die of 
the punching machine, while the penholder, which should 
just fit the hole easily, represents the punch. Now, if a piece 
of paper be laid over the hole, and the penholder be pressed 
down, it will be found to tend to push the paper into the 
hole before piercing it. In the early days of engineering 
it was supposed that the iron between a pair of rivet holes, 
say 3 inches apart, was injured, but more recent investi- 
gations throw doubt upon this, and it is now generally 
assumed that holes punched are surroimded with a narrow 
ring of injured iron only, and that this if drilled out will 
leave the plate in as good a condition as if the holes were 
drilled ah initio. This explains the reason for the method 
of driUing after punching. The relative economy of first 
punching and then drilling, as against drilling out of the 
solid, is a debatable matter, and. depends upon other cir- 
cumstances affecting the work in hand. 

Where a travelling multiple drill is not at hand, then 
when a plate has been marked off it is cramped on top of 
a convenient number of others, and the drill run right 
through all of them. 

As to angle-irons, they generally need to be straightened 
perfectly before being drilled, and this is done easily and 
quickly in a machine made for the purpose, consisting of 
two headstocks capable of being set nearer to or farther 
from each other, while facing the gap between them is a 
heavy block moved from and pushed towards them by an 
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excentric or a rotating shaft. When, the bar requiring to 

be straightened is put in the machine the moving block 

does not itself reach it, but the attendant introduces a 

■wedge-shaped piece of iron between bar and block, and 

the block then encounters it and forces it against the 

bar, -which is of course deflected. The man begins with 

the small end of the wedge, 

and puts in a wider and wider 

part till he finds, by means 

of a string or straightedge, 

that the bar is truly straight. 

If plates chance to be bent 

a little they are straightened, 

paradoxical though it may 

seem, in a bending-roUs. They 

are a set of three roUs, 

arranged as shown in sketch. 

Kg. 13, the upper one being ^'°- IS. 

capable of adjustment up or down. If the upper roll is 

set low then any plate passed between them will be bent 

in proportion to the setting of the rolls, or else can be 

straightened, as may be required. 

We come now to the flooring of the bridge. In the 
earlier days of ironwork of this sort, arches of brick, set 
with cement, were 



built between the 
cross girders, and 
were known tech- 
nically as Jack 
arches. These 
were then made 
level above with 
ballast, to consti- 
tute a road bed. 
About thirty years 
ago, however, Mr. Robert Mallet conceived the idea of bend- 
ing iron plates in a press into a shape like sketch, Fig. 14 
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Pleat, 
Fig. 14. 
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and they then became as capable as the brick arch to 
sustain loads. These plates were riveted to T-iron bars 
laid over and riveted to the cross girders. These plates 
became known as Mallet's buckled plates, and were and 
still are extensively used, being superior to brick arches in 
many ways. They are cheaper, can be completed to con- 
stitute a floor more rapidly, and make the difference 
between the road surface and the river surface less by 
some inches ; often a most important point. A simple 
form of buckling is shown at Fig. 15, where the plate is 

simply bent slightly into an 
arch ; this is cheaper and 
almost as strong as the form 
shown in Fig. 14, with the 
conspicuous advantage that a 
press need not necessarily 
be used, as the plates may be, 
and often are, bent ia rolls 
such as are shown in Fig. 13, 
the flat margins being formed 
by striking the projecting 
part of the plate with a heavy 
maUet, which, as these plates, at least in such bridges as 
that under notice, seldom exceed f inch thick, can be 
readily effected. The arch of the plate is laid either length- 
ways of the bridge, or occasionally crosswise, according to 
circiimstances. Their ends are not planed, but are brought 
as close butt as possible, and the joint is overlaid with a 
joint-cover strip 5 inches wide, which is riveted to both 
plates. Fig. 1 6 shows the end view of a pair of plates laid 
down as flooring. These pla;tes of course vary in size, but 
usually are 3 feet from edge to edge after bending, and 
are 10 feet long. 

When these plates are bent in a press they are heated to 
a low red heat first, and after bending are set aside to cool. 
The inspecting engineer should take care to ascertain that 
all the plates have exactly the same camber, or that the 
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versed sine of the curve to which they are bent is alike. 
Usually it is 3 inches in a plate 3 feet wide. If the press 
when a plate is in it is not worked right up, so as to close 
the plate tightly between the die plates in all cases, the 
plates will not be level and flush when put down. More 
than this, care must be taken not to put down the heated 
plates where some parts will be wet and others dry, as 
this, by causing unequal contraction, will tend to warp 
them out of true shape, which will not only prevent their 
being flush, but will also prevent them bedding level on the 
tee-irons. When bent merely to an arch, if good plates, 
they will not need to be heated before bending, therefore, 
if truly bent at first, they wiU remain so. The cover strips 
are bent in the roUs even as the plates have been, with the 
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difference, of course, that the inner curve of the strip must 
be equal in radius to the outer curve of the plate, so that 
one may lie close to the other. 

All the rivet holes in flooring plates and cover strips are 
punched, and are of greater pitch or distance apart than 
the riveting of the girders, the latter being 4 inches, while 
6 inches is sufficient for the former ; f -inch rivets, too, are 
large enough. A well-made floor should lay down close 
and level, just as fast as the labourers can carry on the 
plates and put them down. No time is lost looking for 
numbered plates ; they are all, or should be, alike. On the 
other hand, a badly made floor gives immense trouble, and 
causes fully six times as much expense as if the floor had 
been properly prepared in the first instance. In nothing 
more than in this is the folly of penny wisdom exemplified. 
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It is usual to stipulate in a specification for home work, 
that at least one of the main girders shall be put together 
in the contractor's yard before any of it is sent away. The 
object of this is to enable the engineer or his inspector to 
see how the work goes together, and allows of defects 
being discovered and amended where all the means for 
doing so are at hand. Of course no riveting is done, the 
parts are simply bolted together ready for riveting. In 
ordinary bridge work both main girders are alike, and 
therefore it may be reasonably assumed that if one is right 
in the yard both will be right at the place of final erection ; 
therefore but one is erected in the yard, all the plates are 
carefully and deeply marked with numbers from the draw- 
ings, or when put together, and by these they are finally 
put together at the site, one of the duties of the yard fore- 
man being to see that the marking is properly done. 

Although later on it is the author's intention to say 
something about the duties of an inspector of ironwork, it 
may be as well here to direct attention to one very impor- 
tant point, namely, what is known as the camber of the 
main girders. This is a slight upward curve present in 
the girder when the entire bridge is completed. In a bridge 
of 150 feet span this camber would be from 2 to 3 inches : 
that is to say, the under surface of the centre of the g^der 
would be 3 inches higher than either end. This is done 
with a twofold object; first, because however carefully a 
girder may be built, it is almost sure to settle a little as 
time goes on, and this allows it without having the girder 
lower in the centre than at the ends, which would look very- 
unsightly. 

It has been already said that all the parts of the girder 
have been marked out before they are drilled or cut, and 
they are so marked as that when put together the girder 
will have this camber. Care, however, is necessary in 
putting the parts together to bring the camber true, and 
when the inspector visits the yard to examine it he must 
bestow particular care on this. The curve is so slight that 



TESTING THE CAMBER. 27 

it is barely noticeable to the eye, and a closer test must be 
applied. The girder consists of a top and a bottom mem- 
ber, boom or main flange. As the depth of the girder is 
usually from one-tenth to one-twelfth of the span, the reader 
will perceive that a very trifling alteration or inaccuracy in 
the camber of the bottom flanges will put the top one very 
much out of fit, and although the joints and rivet holes 
below seemed all close, butt and concentric respectively, 
yet those above might be aU the very reverse, and an in- 
experienced inspector would fancy that this was due to bad 
workmanship, whereas the adjusting and "truing" of the 
camber below would bring everything right. Two kinds 
of error of camber may exist, the one being too miich or 
too little, the other a want of uniformity, as instead of being 
a true curve it would be more or less serpentine. 

The bottom flange is laid down upon a series of wooden 
blocks, which are supposed to be carefully set to rather 
more than the required camber — rather more, because for 
one thing they are sure to settle under the weight of the 

A 1> 

Fig. 17. 

girder, and for another it is necessary, in order to allow the 
top plates to be got into their places ; a little subsequent 
easing of the blocks lowers the girder, reduces the camber, 
and brings the top parts close. 

The truth of the camber, which is measured on the bot- 
tom of the girder, can be determined by either of three 
different methods. The best and most scientific of these is 
to gauge it by means of a telescope or Dumpy level. Next 
to that it may be done by a straightedge and spirit-level 
in the following manner : a deep bar or plank of wood an 
inch thick at least, 6 inches deep at the centre, and about 
4 inches at each end, having all the taper at one side, as 
shown in Fig. 17, is required; about 2 feet at its centre 
between a and b is to be perfectly parallel with the other 
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edge, wHch must be planed perfectly straight. The bar 
must jiot be less than 10 feet long. A good spirit-level, 
such as carpenters sometimes use, or such as is used in 
fitting-shops, is also requisite ; it must be perfectly true. 
This is readily ascertained by putting it on any plane sur- 
face already known to be truly level, and fii-st putting it 
down one way, observe where the bubble stands, which 
should be at the centre of the glass, then turn the level 
end for end and again observe it. If the bubble remain 
exactly in the same place, the level is reliable ; if not it is 
worthless tiU it is adjusted, which can only be done by 
an instrument maker. 

The mode of testing the camber with these is as f oUows — 
the precise centre of the girder must be first found by 
measurement and marked with chalk; then the bottom 
flange must be looked over to find the most convenient 
way of applying the straightedge. Generally the upper 
surface of the bottom flange, just outside the main angle 
iron is the best place, that is if the flange plate project at 
all beyond the angle ; as this is rare, however, the straight- 
edge must either be used along the centre of the girder 
between the two sets of lattices, or else along the main 
angle iron. 

Starting from the centre chalk mark, one end of the 
straightedge is to be laid on the girder, the other end is 
then to be wedged up until the spirit-level shows it true. 
The distance between the wedged end of the straightedge 
and the iron is to be carefully measured and the place 
chalked. The straightedge is then carried on till its back 
end is brought to this mark, when it is rested upon the 
iron, and its other extremity again wedged up till it is level, 
this raising is also marked and measured, and so on to the 
end of the girder. Returning now to the centre, the same 
measurements are made from it to the other end of the 
girder. The inspector has his note-book, and making a 
sketch of the curve, he divides the line into as many lengths 
as there are measurements on the girder, and at each mark 
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he notes the measurement of the raised end of straight- 
edge. Fig. 18 shows the method exactly as it would appear 
in the note-book. 

An inspection of the figures here shows that the camber 
of the whole span is the mean between f and If. The 
curve also, though not mathematically true, is as fairly so 
as can reasonably be expected in such work. 

If, upon examining his figures, the engineer or clerk of 
works finds serious errors of camber, his best course will 
be to plot the defective curve on paper to as large a scale as 
convenient, according to the figures, iaking it say in black. 




Total camber of this half span, \^ inch. Total camber of this half span, f inch. 

i + A + i^« + A=i:f- J + A + A + i = l- 

Fio. 18. 

Then let him plot a true curve — an are of a circle is usually 
that adopted — over the other, inking in red or blue. The 
places of error in the black line wiU at once appear, and if 
this drawing be taken on the works the foreman can be in- 
structed what wedges to slack, letting the girder down, and 
where to apply a hydraulic jack to lift it up and diive in 
the wedges. The lowering should be exact to the measure 
required, but the lifting ought to exceed it a little, thus 
allowing for re-settlement. It is at this stage that the neces- 
sity for great accuracy of setting out, planing, and drilling, 
becomes apparent. If these operations have been badly done 
the various parts can never be made to fit correctly, and 
though, on the other hand, they have been properly per- 
formed, careless erection will spoil all. 

A simple method of ascertaining exactly the amount of 
camber in the girder as a whole, is by means of three cross 
staffs, such as are used by road surveyors for getting short 
levels, dips, or rises. These staffs are coarse wooden 



3° 



IRON BRIDGE CONSTRUCTION. 



D 



T 



crosses like tee-squares, one of them being about three 
inches longer than the others (see Fig. 19), where d is 
the short and c e f the long staff. The part cross-chequered 

made white with 



on E p IS 

chalk, and is the portion in 

excess of length beyond d. 

The mode of using is as 
follows : — An 
assistant is 
sent with oef 
to one end of 
the girder, he 



Fig. 19. 

rests end o on the flange, turning the chalked 
face towards the other end. A second assis- 
tant stands at the centre with one of the 
short staffs. The inspector, or foreman, stands 
at the other end, resting his short staff end 
on the fliange ; then placing his eye on a level 
with top edge, d, he sees white part of 
staff at opposite end. The assistant at centre i^ 
holds his staff to the side of the flange in ? 
such a manner that it is interposed between g 
the other two. He raises or lowers it untU 
the inspector sees its top edge in line with 
that of his own and with line between 
chalk and wood, e p on o b f. When this is 
found, the centre staff is held steady till the 
distance between the flange and the lower 
end of staff is measured, and this difference 
shows with considerable accuracy the amount 
of camber. To make the process more clear 
jee diagram Fig. 20, where the curved line 
represents the cambered flange : A b is the 
cross staff held at the centre, e f, the long 
staff with chalking, and c d the staff from 
which the level is taken. The principle in- 
volved is exceedingly simple. When the tops of a 
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and c D are in line with b r on edge of chalk, it is obvious 
that the lower ends of all three staffs are in line, and 
therefore the space bg (Fig. 20), or distance between end ol 
middle staff and flange, shows rise of flange. This will 
not, however, show whether the camber is uniform or 
otherwise. Of course if great accuracy be required, as 
would be with great spans, then a proper telescope level 
can be used, taiing as many sights for ordinates as may 
be desired. This is very seldom necessary. "We now 
come to the removal of the work from the yard to the site. 



CHAPTER IV. 

SINKING FOR THE FOUNDATIONS — PILINB — MASONET — BEAHING PLATES — 
STAGING — "WORK LEATING THE YARD — DELIVERY AT THE SITE — 
LAYING DOWN — THE TOP BOOM — CAMBER. 

The contractor whose tender is accepted begins his work 
by draining out the water from where he is going to exca- 
vate. This is done in the river itself by placing iron 
chambers called caissons round the spot to be excavated, 
and pumping out the water from the interior. In special 
cases the work is done by divers, but such work is beyond 
the scope of this little volume. Keeping therefore to that 
under notice, where there are only the bank abutments, the 
contractor sends an experienced foreman or gaffer with a 
gang of men and a large float, which they anchor securely 
at the bank. On it a pile engine is mounted, and the place 
is carefully enclosed by a row of piles driven deeply into the 
river bed, and as close as possible together, technically 
known as sheet piling. If the stream be shallow and not 
subject to high floods, a single row of piles may suffice, but 
more usually a double row is driven, and a space purposely 
left between them is filled up with clay puddle to make aU 
water-tight. This being done, and a centrifugal or other 
pump driven by a portable engine provided to keep the 
enclosure free from water, the ground is dug out to the 
depth stipulated for in the specification, which for conveni- 
ence of illustration we may suppose to be rock. When it is 
reached the fact is reported to the engineer, who visits the 
place in person if possible, or else he sends a trustworthy 
deputy who personally satisfies himself that the rock is 
really laid bare. Its surface may be fit to build on at once 
or it may have to be made so by blasting. Individual cases 
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require individual treatment. The abutments are then built, 
and as the files of the leading engineering and architectural 
journals contain numerous excellent drawings and specifica- 
tions for work of this nature, it is sufficient here to refer 
our readers to them for instructive examples ; this little 
volume pretends only to deal with manner, not with 
matter. 

The masonry of both abutments is carried up to the height 
required by the engineer, who may specify that the top 
surface shall be so many feet 
above the Ordnance datum, or 
datum on which the Ordnance 
Survey of the country is being 
carried out. 

The comer, top, or cap stones of 
the abutments ought to be as 
large as possible and free from 
cracks or shakes, because the 
main girder ends will rest on 
them, and they have therefore to 
sustain the entire weight of the 
bridge. The iron of the girders 
does not rest directly on the 
stone. Cast-iron plates, such as 
shown at Fig. 21, are laid upon 
the cap stones, into which they 
are tongued or recessed. Fig. 2 1 
shows three views of the bearing 
plates upon which the fixed ends of the main girders are 
rested. The length of bearing for bridges of the class 
imder notice is from 4 feet to 4 feet 6 inches. The 
breadth of the main girder flanges may be taken at from 
3 feet 6 inches to 3 feet 9 inches. The distance between 
the flanges c d of bearing plate is a couple of inches more 
than this. Indeed, such flanges are not necessary at all. 
The cap stones of the abutments are channeled and cross- 
channeled till four projections are formed, which fit the 
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Fig. 21.— Three views of 
bearing plates for fixed ends 
of girders 
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recesses shown in Fig. 21 at a b o d. The bearing surface, 
F, is brought level with the general surface of the stone, 
and cement in a liquid state is run in after the plate 
is laid, completely filling up every crevice between 
the metal and the stone. Very great care is necessary in 
setting these plates. They must be perfectly evenly 
bedded and supported by stone or cement at aU points, 
otherwise the weight, one-fourth of the entire bridge 
and its load, placed upon each will crack it. The 
proper way to bed any of these plates is, after it is approxi- 
mately fitted, to coat it well with red paint on its under 
faces. It is then to be lowered into its place, and after 
resting to be hoisted by the crane ; aU the places where it 
touched the stone will be of course marked with the paint. 
These must be cut with a chisel and mallet, and the plate 
again lowered and raised and more chiseling done, until 
the stone is marked with paint all over. 

Where the cross girders are rested on one edge of the 
lower flange of the main girder, their own weight as well 
as that of the flooring and roadway has some little tendency 
to incline or tilt it out of plumb, though as the cross girder 
ends are firmly riveted to it many engineers are of opinion 
that no such effect can ensue. However, it has been the 
author's practice to cause the bed plates to be set with a 
very slight inclination outwards, so as to correct any pos- 
sible error from this cause. 

About bridges of a single span it is rather matter of 
opinion whether it is necessary to fasten the main girders 
at one end. Some engineers say it is as well to do so; 
others see no need. The author has seen drawings of 
bridges where bolts And nuts were shown as fastenings, 
which is a very unpractical idea, for the simple reason that 
of course the bolts must be put in their places in the bed 
plates before the latter are set on the stones ; and if the 
main girders are built respectively in their final positions 
it is a thousand to one against the bolt holes in the flange 
plates exactly coinciding with the bolts. The author's 
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practice has been to get the girders built and into their 
places first, and having omitted two or four rivets in 
bearing end of the main flange, he caused holes to be 
drilled with a ratchet and brace concentric with them in 
the bearing plates below. Steel or iron pins slightly taper 
at their very ends, and for the rest of their length same 
diameter as the holes, say J-inch, are provided, and these 
being driven in firmly, stake the girder ends. A sheet of 
felt, either plain or tarred, is placed between flange and 
bearing plate. 

Of course the other ends of the main girders must be free 
to move on account of expansion and contraction. The 
bearing plates for the moving or free ends of the girders 
are similar to what is shown at Kg. 21, the only difference 
being that the surface on which the girder end rests is 
ribbed and channelled instead of being smooth. This is 
done with the idea of reducing friction, and a sheet of felt 
is used here also between girder and plate, and sometimes 
a sheet of lead is put down. Very frequently girder ends 
rest on friction rollers, though this practice is one of debate 
amongst engineers, some advocating them, while others 
assert that the limit of their motion is so extremely small 
that they rust into fixtures very soon.. As regards building 
or putting the bridge together, various systems are pur- 
sued according to the circumstances of each individual case, 
and also according to the opinions of this or that con- 
tractor, as to which is the- cheapest method. Sometimes a 
separate staging is made on which to build each girder at 
once in its place. The more usual way, however, is to con- 
struct one stage in the middle of what will be the roadway 
line of the bridge, and then to build either one girder at a 
time or both close together at once, and then to shift them, 
the one " up stream," the other down stream, to their final 
resting-places, or else one may be built at a time and then 
the other. This, however, is not a prudent method, be- 
cause of course much more time is needed, and as all rivers 
are subject to floods which may probably cause serious 
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damage, it is expedient to get the work completed with all 
convenient speed. 

The staging consists of balks of timber driven firmly as 
piles into the bed of the river, care being taken to leave 
clear way for barges or any other traffic up and down the 
river. These piles are tied and strutted with other timbers ; 
transomes are secured, and a boarding of battens laid 
down. Next a series of blocks are laid down carefully in 
line and set at levels to suit the curve or camber of the 
girder. The ironwork is usually all delivered at one side 
of the river. A strong hoarding of plank fence is erected 
to keep out the public, a wooden house is made for an 
office, a smith's shop is constructed, and a gantry and 
traveller is provided. 

We may now return to the girder yard. The engineer 
or his representative having passed the work there, the 
job of pulling down and sending away begins. At this 
period the engineer or clerk of works is introduced to a 
man he possibly never before laid eyes on or even heard of. 
This is one of the contractor's out-of-door foremen. A person 
who is to have charge of the erectibn of the bridge is gene- 
rally a sub-contractor, who, although in the regular and sole 
employment of one firm, still contracts separately for each 
erecting job he undertakes for it. He undertakes to erect 
the bridge for a fixed sum, and the system entails a good 
deal of trouble on the inspector. Obviously it is the interest 
of the erector to buUd the bridge as inexpensively as pos- 
sible. He can hire his own men, and as many or as few as 
suits him, and those he employs may or may not be skilled 
workmen, particularly to do what is called platers' work. 
In a case of this sort the various parts are moved from the 
"bank " to the place of fitting by ordinary labourers, men 
drawing lower wages than platers ; these latter work. the 
various parts into their respective places and service-bolt 
them there. These men to some extent correspond with 
fitters in machine shops. If unskilled men are employed 
the parts will be thrown together " anyhow," and even the 
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best prepared work may be quite spoilt if improperly fitted 
at the site. The inspector consequently must insist upon 
every part being very carefully put in its place, and every- 
thing drawn together thoroughly in the bottom flange 
before the buUding of the top commences. He ought to 
iastruct the erecting foreman in writing to examine the 
girder as it stands built in the yard to see aU right before it 
is sent away. This wiU prevent subsequent complaints 
from Mm at the site, for if the work is bad at the site, of 
course he will lay the blame on "the yard;" but if the 
inspector knows his business, has satisfied himself in the 
yard that all is right there, and, as has just been said, 
cautions the foreman while the work is there to examine 
it, and complain if he sees occasion, of course the latter 
cannot very well say anything afterwards. 

We may now suppose that some of the iron is delivered 
at the site. A gantry and traveller will have been erected 
at that side of the river at which the iron will be delivered, 
and it is used to unload the trollies conveying it from the 
canal dock or railway goods yard. 

The foreman wiU have got all the bearing blocks in 
readiness for receiving one or both lower flanges ; he will 
set a number of labourers to seek out all plates whose 
marks indicate that they belong, say, to the centre of the 
girder, and these are either pushed forward on rollers with 
pinch bars, or are hauled along on the rollers by a crab 
and chain, or they are put on a very low sort of truck and 
pulled along. A number of them are at last got together, 
the foreman himself, or the foreman plater, directing all 
and seeing the plates laid correctly in accordance with the 
marks. These are drawn and pushed till exactly in their 
places, when bolts of a coarse kind, known as " service 
bolts," are put in a few of the rivet holes to keep the work 
together. Other plates are added on and bolted, and if the 
setting out and drilling, &c., has been well done in the 
yard, all must of course be a good fit here ; but then the 
foreman must know his business, and employ, as before 
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observed, competent platers, a superior and more skilled 
class of men than mere labourers-, to work under him, 
otherwise the work will be badly fitted and put together, 
and will be made to seem as if badly made "ab initio." 
Very great care must be taken to keep the plates well 
drawn together as fast as they are laid down. Erery plate 
should butt in close contact joint with its companions. 
Nothing is more indicative of bad work than gaping joints, 
and they are caused by the rivet holes being drilled too . 
close to the edge of the plate. The usual distance at which 
rivets are pitched in work of this sort is 4 inches, therefore 
rivet holes ought to have their centres just 2 inches from 
the end edge of the plate, for if less than this, when laid 
over or under another plate, if its end butt to the com- 
panion plate all its rivet holes wiU be out of concentricity 
with those in the other plates, or if the holes are brought 
right the joint will not butt. And here it may be remarked 
that the system of marking and drilling the plates indi- 
vidually from one carefully drilled template is more likely 
to secure close joints than is the system of cramping all 
the plates in position and sending a travelling drill over 
them ; for this reason, that no matter how careful workmen 
may be, it is nearly impossible for them to lay together a 
number of plates, weighing from half to three-quarters of 
a ton each, so exactly that all will butt closely together, so 
closely that a strip of crinoline steel will not pass between 
them, and not only are they to be laid thus, but they must 
be cramped there, and never shift in the least tiU as many 
as 200 rivet holes have been drilled through them. Many 
manufacturers, however, object to this separate system of 
marking and drilling as being more costly, owing to the 
greater amount of handling which the stuff gets. 

The drawing of plates into position in the process of 
putting a bridge together brings up a question of practice 
about which engineers and contractors hold widely dis- 
similarviews — ^namely, the use of the tool called "the drift." 
Under certain circumstances and used with due caution it 
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is almost indispensable in putting heavy ironwork together. 
Drifts have heen described at pages 8 and 9. 

The plates are usually taken hold of by hooks of the 
shape shown by Fig. 22. The hooks being inserted in the 
holes near the plate-edge the workmen are able, partly by 
them and partly by small crow 
or pinch bars, to drag and shift 
each plate approximately into 
its place. It can be readily 
imagiaed, however, that the . 
plates need subsequent "fit- M 
ting," that is, they require to ^^ ^"'- ^^- - 
be adjusted exactly in their final **"■ ^'"^'' 

positions ; if they are not, then the rivet holes will not truly 
coincide, and the plate ends will not butt close. Now the 
bottom or top flanges of such large girders as those under 
notice may have twelve, fourteen, or even many more plates 
piled one upor another, and suppose the first six or eight 
to have been got into their exact places, the operation 
of putting down the next plates wiU more or less shift some 
of them, very little perhaps, it may be only an eighth of an 
inch, but stUl they are moved and must be replaced. The 
plates above, however, press upon them, and partly from the 
friction thus caused, and partly from their own weight, a 
force is required to effect the replacal, and there is but one 
way of applying force, namely, by driving in a drift If 
the plates are vertical, or if they are some feet from the 
ground and horizontal, then the proper form of drift to 
use is the parallel, and it should be only a shade less in 
diameter than the size of the rivet holes. This being driven 
in by a four-pound hammer, all the plates being loose, it 
wiU draw them up to their right places. Two drifts ought 
to be used, and at holes as remote from each other as can 
be. This will bring the plates right in both directions. 
Where the plates are horizontal and too close \o the staging 
to admit of using a hammer to drive the drift back again, 
either a short parallel or else a barrel drift must be used, 
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such, in fact, as can be driven right through and got out 
beneath. Once a tier of plates is got into true position 
at least two service bolts should be put in to prevent any 
shifting. They should be of a diameter to fiU or fit the 
holes. As fast as one set of men get a portion of the 
bottom flange laid, others follow them up with the vertical 
plates uniting the lattice bars to it. The sketch (Fig. 
11) shows them at c d. The plates are united to the 

main flange by the angle 
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irons as shown, the lattice 
bars pass between them, 
packing pieces being used to 
fill up blanks as distance 
pieces, and rivets are put 
through all. These plates then and their angle irons are 
then got into position, and secured with service bolts. 
Next the lattice bars come. Now a usual proportion of 
depth of girder to length of span, is from iV to tV ; so that 
if a girder be 160 feet span it will be 12J feet deep. The 
lattices are usually set, either at an angle of 45° or at one of 
60° with the horizon. If at 45°, then their length will be 
about 1 7 feet ; they must be raised and swung to their places 
by means of a derrick pole and a purchase block. In like 
manner the plates for the box-ends or piUars, as they are 
technically called, of the girders are got into position. In 
large girders such as this there are two plates in each side 
of the box, and they are united, as are aU web-plates of 
girders, by means of tee-irons ; in cases like this double 
tees are used, as in sketch Pig. 23, see a b, while at c is 
part of the back end plate, up to which the masonry of 
the abutment is built. All these are successively arranged 
and bolted up. The end plate, however, is sometimes left 
tin the last. The author himself has superintended the 
erection of a bridge whose lattice bars were too close to 
each other to allow any one but a small boy to pass through, 
and the girder being a double or box lattice, it was neces- 
sary to leave the end plates off till the last moment. The 



PRESERVING THE CAMBER. 41 

top boom or flange is the same as the bottom flange ; so 
when all the lattice bars are got into place, the plates cor- 
responding to D, Fig. 1 1, are raised up, fitted, and secured, 
then the angle irons, and finally the main plates them- 
selves. The girder will now begin to assume form and shape 
— ^to look, in fact, something like what it is going to be. It 
is, however, increasing rapidly in weight, attention there- 
fore must be given to the wedges on the blocks sustaining 
the whole structure. Every day now the danger becomes 
greater of the girder sinking and losing its proper camber; 
every day also adds to the difficulties to be encountered, 
should it become necessary to raise the girder at any point 
or throughout in order to restore the camber, and now mil 
be felt the truth of the advice given farther back, viz;, 
that it is no harm if the blocks are arranged to allow of a 
little settlement. A girder such as this might weigh about 
120 tons. This is a heavy load for a series of mere 
temporary timber blocks to sustain for, it may be, some 
weeks. 

AH that has been said about trueing the camber in the 
yard applies here with even greater force. This is final ; 
the future duration, the permanent soundness of the bridge 
will depend on the way the work is now put together. 
Even one plate not drawn truly home to its place ■wiU spoil 
the coincidence of a large number of rivet holes in three 
plates, its own and those at each side. The rest of the 
work may, despite of orders to the contrary, get riveted 
and the displaced plate become so locked that no legitimate 
amount of drifting, no drifting that any clerk of works or 
inspector who knew his business would allow for one 
moment, will draw it right. The close and unremitting 
attention of the foreman himself must, therefore, be given 
at this stage of the work. It is sometimes argued that 
eloge hutts are not essential in a bottom flange because it is 
in tension, but it is often too certain that if bad joints are 
tolerated in the bottom of the girder attempts wiU be 
made to slip them past at the top, where, as the work is in 
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compression, it is higMy important they should absolutely 
butt, 80 as to maintain the proper crushing area of metal 
Minute care must also be taken to see that the lattice bars 
are set quite true, and that the holes in them are truly 
concentric with their companion holes in the plates and 
angle-irons. 



CHAPTEE V. 

BOLTIM& VV THE WORK KIVETIKQ HEATINO LONO RIVETS KIVET 

FURNACES — COMPRESSION STRESSES — MOVING MAIN GIRDERS — 
SETTING THEM TRUE — SETTING CROSS-GIRDERS. 

As soon as all the plates and angle-irons of the top flange 
are got in place and secured as it -were temporarily, the 
foreman should make a good and searching examination 
of the work, effecting all requisite adjustments and altera- 
tions necessary to bring every part "true" with the rest. 
It wiU save him from being called to task by the clerk of 
the works or the inspecting engineer when he comes round. 

Every care should now at the last moment be taken to 
insure the truth of the camber. When aU is right, the 
whole work must be carefully bolted up with good service 
bolts, which should be made of at least a moderately good 
quality of iron, though some contractors use such poor 
stuff that work cannot be properly forced tightly together. 
Nothing makes or causes bad loose riveting more than 
bad loose bolting up. Plates partly drawn by indifferent 
service bolts are drawn closer by the first few rivets ; the 
succeeding rivets bring up the parts close, and all the first 
rivets are so loosened as to become mere clinkers, capable 
of being shaken by the finger and thumb. 

It constantly happens that certain rivets are not to be 
put in until the bridge is advanced it may be almost to 
completion. The holes for these ought to be either chalked 
or, better still, painted round. Cross girders may have to 
be riveted ; cast-iron work, ornamental or other parts may 
have to be fitted and fastened, and it is always objection- 
able to cut out rivets, and never should be done unless for 
some very important reason indeed ; doing so racks and 
spoils work very much. 

The girder is now ready for the riveters, who, of aU men 
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in the iron trade, work perhaps most hy piece work, heing 
paid either by the score, by the hundred, or, as is some- 
times done in chain riveting, by the yard ; but all comes to 
much the same thing in the end. 

Five persons go to make a "gang" of riveters, three 
men and two boys. Of the men one puts in the rivet and 
then " holds it up," while the other two men hammer it 
down and snap it. The holder- up is provided with a sledge 
of from 7 lbs. to 10 lbs. weight, having a cup recess in one 
of its faces, a shape to fit the head of the rivet, which is 
usually formed to resemble a cheese ; hence the name 
" cheese-headed." The sketch. Fig. 24, shows it. A care- 
,i less workman will sometimes hold up with the 
flat face of the sledge, and the result is that 
the rivet head becomes flattened down and 
defaced ; this of course should not be allowed. 
The whole system of fastening plates and 
bars of iron together needs some notice here, 
though we must direct the student desirous of 
more perfect information about it to Fairbaim's, 



Fig. 24. Eeed's, and other standard books of reference. 
The mode of testing rivets has already been described. A 
rivet should be about one and a half diameters longer 
than the hole. It should be heated aU over to a bright, 
nearly white, heat. It is the special business of one boy 
in each gang to heat the rivets, which he does on a small 
open hearth, having a bellows beneath. He works his 
bellows with one hand and turns the rivet in the fire with 
the other. He is considered a skilled artisan, because he 
must know how to heat his rivets sufiiciently without burn- 
ing them. A burnt rivet is worthless, and when one is 
burning the matter can be known by the peculiar scintillat- 
ing sparks that fly up. When a rivet is thus burnt all the 
"nature" of the iron is destroyed, and it ought not to be 
used. Of course many different lengths of rivet are needed, 
varying from about 1^ inch up to 18 inches or more. A 
little diversity of opinion exists among engineers as to 
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wlietlier a long rivet should be heated aU. over, but the 
greatest number are in favour of the practice. Indeed, the 
only objections advanced against it is that the great 
amount of contraction ensuing on the cooling of a long 
rivet entails so great a tensile strain that either head is 
caused to fly ofE ; -with good rivets this never occurs. 
There are good reasons for heating rivots all over. 
One object ia heatiag is that as cooling takes place so does 
contraction, and the plates are thereby drawn tightly to- 
gether ; the more contraction is obtained the tighter the 
work. Another object is, that as the rivet end is beaten 
down, part of its shank is upset and thickened, thereby fill' 
ing the hole tightly. This last effect only results in the case 
of rivets closed by hammering for. a distance of about an 
inch below the hammered end, as may be seen if &, rivet be 
cut out and examined. A different result is obtained if the 
rivet is closed down by a machine. A hammer only dints 
the end ; its effects are too sudden to allow time for them 
to extend far, somewhat on the principle by which a candle 
may be shot through a plank without damage to the candle 
. other than a little just at its end ; let the candle, however, 
be pressed up to the plank by hand, and if supported to 
prevent its breaking it will crush up. Indeed, so greatly 
is a rivet shank swelled out by machine pressure that the 
edge of the plate round the hole is often bulged, and some- 
times, with inferior plates, split.* As yet, machine closing 
cannot always be resorted to for work involving the use of 
very long rivets, which is unfortunate, as this is just the 
class most needing it. Where machine riveting is used for a 
pile of more than two or three plates the work must be most 
carefully bolted together. 

Great difficulty is always experienced in getting rivet 
boys to heat any but very short rivets aU over. The influ- 
ence of piecework operates here. It takes more time to 

* The following pressures are used in toiler machine riveting : — 
f-in. rivets, f -in. iron plates, 38 tons ; J-in. rivets, ^-in. iron plate, 4G 
tons ; f-iu. rivets in steel plates, 45 tons. 
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heat six or eight inches of iron than one or two inches, in 
the small fire used for the purpose : long rivets, white heat 
aU over, give the men also a little more trouble, because if 
they are a tight fit in the holes they need gentler measures 
to get them in, as they wUl not bear much hammering. 
As long as the boys are looked after pretty closely all will 
go right, but if left to themselves they will send off rivets 
only heated properly just at their ends. The only effectual 
remedy would be to heat the rivets in a little stove or 
miniature furnace. The author has seen such — a perforated 
plate or shelf heing set above the fire in a casing, the rivets 
being dropped one in each hole and resting on the shoulder 

of its head, the whole 
affairresembling Fig. 25, 
which shows sectional 
side view. A is the 
casing, b grate, c per- 
forated plate with rivets 
D D, E is door for placing 
or removing rivets, f 
is fire-door, g ashpit, h. 
blowing nozzle, J J legs of 
any convenient height or 
shape, K uptake, which 
may be placed of course 
at side of case if desired. 
It will be seen that the 
rivets are in a species of 
combustion chamber, do 
"*■ '" not come indirect contact 

with the fuel, and are surrounded by a temperature 
practically uniform at all points. As to details of con- 
struction they are simple and susceptible of sundry 
variations. Thus the top cowl may or may not be detach- 
able, or the upper portion of case may be detachable from 
grate and ashpit, and so on. This furnace may be made 
portable. Another form, larger and not portable, regularly 




RIVET-HEATING FURNACES. 



47 



built of brickwork, is sbown at Fig. 26. It simply con- 
sists of a furnace a, and hearth on which the rivets are 
laid, and the hearth may be, say, 12 or 15 inches wide. 
In this furnace also the rivets are heated equally all 
over, and are not in contact with the fuel. 

When the work is about to be riveted up judgment 
must be exercised as to the parts riveted first, and those 
which it may be expedient to leave to the last moment. As 
riveters object to any change from place to place, wishing 
to rivet right ahead, it is wise to start them judgmatically, 
because, for one thing, certain holes must, as has been 
before observed, be left to the last moment, and also be- 
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cause plates are stretched, very slightly, it is true, but stiU 
there is reason to suppose extension does take place, and it 
may be in certain places turned to account to force joints 
close home. For example, the flanges of the main girders 
ought to be riveted from either end towards the centre, be- 
cause the doing so extends the plates toward each other, 
whereas if riveting were done from centre to ends, whatever 
extension attended would work towards unriveted plates 
and be lost. If circumstances, however, preclude riveting 
from ends to centre, then, at all events, some rivets can be 
put in at each set of plate ends, which would secure the 
plates, preventing any yielding on their part. Where the 
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workmansliip as well as the first setting out lias been well 
done, the method of riveting described here will actually, 
to some extent, increase the camber of the girder, relieving 
the blocks on which the bottom member rested. 

The arrangement of parts in the top of the girder are the 
same as those adopted in the bottom, but the nature of the 
stress it has to sustain is exactly, of course, the reverse of 
that borne by the bottom, the latter being subject to a 
tension the former to a compression load. As a point of 
good workmanship, the plate ends of the lower member 
ought to butt in contact equally as well as those in the top, 
but there is no absolute constructive reason otherwise why 
they should ; the joints of the top should butt in close con- 
tact aU over. The ability of wrought iron to resist crushing 
is less than its power to sustain tension, and where joints in 
a top member do not butt in close contact before the sup- 
ports are removed, the crushing area of iron is diminished 
in the proportion borne by the area of any given open joint 
to the area of plate cross solid section in the same plane 
with it ; as, for example, see Fig. 27, where a pile of eight 

f-inch plates are shown, 
^ ^ seven of the plates soHd, 

3 the eighth having a joint as 



i' J ^ shown. If this joint does 

■p „- not butt in contact the 

crushing area of plate is 
reduced to the extent of 12^ per cent. ; a very serious 
reduction. Serious, in the first place, because, assuming as 
we ought that economy of material, as well as the exclusion 
of redundant strain due to the presence of useless material, 
has been carefaUy studied in the design of the girder, 
so large a reduction of area as 12^ per cent, cannot 
be spared, and if it be assumed that eight plates are 
at or near the centre of the span, as a matter of course a 
less number, say four plates only, are at the ends, here a 
gaping joint reduces area by 25 per cent. It may now be 
supposed that both main girders are riveted up complete, 
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or as complete as they can be before the cross g^ders are 
put in. If they have been built near to each other the next 
step is to shift them into their places. The following is a 
description of the moving of a pair of main girders, effected 
in the construction of a bridge with which the author was 
professionally connected. 

The span of the bridge is 125 feet, the breadth of the 
road and two footpaths collectively 44 feet ; each girder 
133 feet long over all, 3 feet 6 inches wide and 11 feet 
6 inches deep ; open bottom double lattice type, weight 
of each 110 tons. A cast-iron bracket, such as is shown 
in Kg. 28, was bolted to each end plate of the girder' 
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The height of face c from ground was about 3 feet. A 
hydraulic press, having a ram 4 inches diameter and 
5 inches stroke-, was provided. It was made of cast steel 
and was easily carried by two men. It was rested upon 
a balk of timber laid close to girder end, its ram head 
bearing- against the bracket. A number of iron plates, 
of thicknesses varying from ^ to ^ inch thick, were pro- 
vided, and all being ready the work was beg^n. Pour 
men under the supervision of the foreman did all the work 
— viz., two at the pump, which had a ram ^ inch diameter 
and about 3 inches stroke, a single-lever pump, drawing 
from a common zinc pail full of water. The second two 
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men were, one at eacli side of girder. According as girder 
was lifted these men put the iron plates under it ; first a 
succession of thin plates, then these were quickly with- 
drawn and one thick plate substituted ; on this again the 
thin plates were successively placed, to be again succeeded 
by a thick plate. By this means, in the event of the press 
breaking, the girder could not fall more than the eighth of 
an inch. When it was raised about 4 inches, a well-greased 
railroad rail was laid along the abutment, having one end 
run under the girder, which was then allowed to settle 
down upon it. The other end of the girder was dealt with 
in the same way, and thus both extremities rested upon 
greasy rails ; and the next step was to shift it along these 
to its final position. The press was now set in a position 
inclined in the direction in which the girder was to be 
moved, and the angle of inclination was about 55° with the 
horizon. The pumping was then resumed, and the end of 
the girder moved along the rail, the top of the press moving 
over with it, of course. When the girder had moved 4 or 
5 inches the press was moved to its other end, and the same 
process gone through, and so on till it was brought to where 
it was to rest. The press was now again set vertically and 
the girder lifted sufficiently to ease the rail, which, after 
packing, or, as they might appropriately be designated, 
safetyplates were put under, was withdrawn. The girder was 
then gently lowered, plate after plate being withdrawn just 
before the girder began to ' ' nip " it, tUlbed-plate was reached. 
The same process exactly was pursued for moving the 
second. The time occupied ia moving the first girder was 
four and a half days. The second girder was moved more 
expeditiously — namely, in about three days, the men being 
more self-confident about the job. All that is requii-ed 
in putting down a first girder is to set it fairly in the 
centres of its bearing plates ; the placing of the second 
demands minute exactness, because of the fitting of the cross 
girders, which may rest on angle-iron of bottom boom and 
butt against a packing piece placed between its end plate 
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and tbe plate of the main girder to which the lattice bars 
are riveted (see Fig. 29, plate p). Fig. 29 shows a cross 
girder in place on a main girder ; and in laying down 
second main girder in position it must be so accurately set 




Fig. 29. 
as that the distance between the angle-iron e and the cor- 
responding angle on the other main girder shall be precisely 
equal to length of cross girder over aU, for reasons made 
obvious by the illustration ; o is a strengthening gusset. 




Fig. 30. 
It is convenient to remark here that another method of 
fitting cross girders is such as that shown in Fig. 30. 
In Fig. 29 the top plate of the cross girder is carried 
all the way at the end down to bottom, a packing piece, p, 
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being inserted, as shown ; while by another arrangement, 
Fig. 30, the top plate is stopped off at top of main girder 
angle-iron, and rests upon it, butting against lattice plate of 
same. The design of bending top plate of cross girder round 
at a radius as large as three or more inches is troublesome 
and not quite easy to fit; therefore it is expensive, and the 
author is of opinion that the design of this detail shown in 
Fig. 30 makes every way a sounder, simpler, and better 
job. Here the top plate is merely taken straight out and 
cut, so as to go over the end plate, which is separately 
riveted on. By going over instead of butting against it 
all the support attained by bending, as in Fig. 29, is pre- 
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served, while the method of construction is much simplified, 
Fig. 31 illustrates another method of securing cross to main 
girders ; it is adopted with what are known as open- 
bqttomed girders, the main flange plates d d being 
arranged, as shown, in two vertical sets instead of in one 
horizontal pile as in Figs. 29 and 30. They are transversely 
braced by cross gussets o, secured to them by angle-irons. 
The cross girder b has its ends stepped as shown, and its 
upper part butts against, and is riveted to, main plates, 
while its lower part extends under main plates and gussets, 
and is bolted and riveted to the latter. This makes a 
splendid job. 



CHAPTEE YI. 

PTITTmO IN CBOSS GIKDERS — SaUAKDJO THEM — lAYINO FLOOB — 
ASPHALTIVO CAST-IRON COPING. 

The main girders having been got into their final position, 
the next step ia to get in the cross girders. A variety of 
methods can be adopted for effecting this, of which the 
following constitute examples. 

Pirst method. The cross girders being all aKke, they 
may be taken indiscriminately as they come to hand where 
all are of equal length, which, if due care has been taken 
in the design they will be, unless in the case of skew 
bridges, or those spanning a river or road otherwise than at 
a right angle, and which are called straight bridges. In 
skew bridges one or more of the cross girders at either end 
are necessarily shorter than the others, and one end is 
secured to the main girder while the other rests obliquely 
on the abutment. The number of these, as well as their 
respective lengrths, vary with the extent of skew of the 
bridge, but, except in length, there is no difference between 
them and the others, and this is a convenient place to draw 
attention to the expediency and wisdom of designing aU 
the members of a bridge, or any similar structure, so that 
they shall be all identical and interchangeable ; for in such 
a bridge as that under notice the cross girders would be, 
say, for present convenience, 50 feet long, 4 feet deep at 
centre, 3 feet deep at ends, and are underhung ; that is 
to say, the ends of their top flanges are bolted and riveted 
to the bottom flanges of the main girders, as illustrated at 
Fig. 33. This arrangement very considerably facilitates 
the process of getting the floor plates into position in 
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straight bridges, because their tops when in place are 
practically on a level with tops of the abutments. 

The cross girders have been unloaded from the carriers' 
trollies by the travelling crane, and are piled in readiness. 
As they are delivered anyhow, and would number, for a 
bridge like this, from 26 to 30, and weigh from 7 to 9 
tons, the great importance of being able to use them " as 
they come " wUl be at once seen, because the least expen- 
sive method of placing them is to do so consecutively, 
beginning with underhung girders at the side or abut- 
ment where the girders are lying ; and if they differed one 
from another the expense of labour and time involved in 
shifting a number of them to find No. 1 or No. 7, &c., can 
be readily comprehended. 

In the case of underhung cross girders the abutments 
are not uniformly level throughout, if the bridge is a skew 
one. They could not be so unless recesses as deep, as wide, 
and as numerous as the short girders, whose ends must 
rest upon them, were made. Practical reasons render this 
less desirable than to lay bearing stones built in the abut- 
ments standing sufficiently above the general level of the 
abutments to make a difference between the under side 
of the main girder and top of the rest of the abutment 
equal to the depth of the ends of the cross girder, and thus 
the latter, when secured under the main girder, rests level 
upon the abutment also. Fig. 32 shows this with suffi- 
cient clearness to make plain the foregoing description. 

It wiU be seen that there is a difference of level between 
the general ground and surface of abutment, and the 
underside of the main girders, equal to the depth of the 
cross girders. It is perhaps as well to point out also that 
the ground for some distance at either side of the river or 
road is stiU in a primitive state, the roadway leading on 
to either end of the bridge not being constructed, nor 
can it be tiU the ironwork and the main parts of the 
stone work are first complete. 

The work of putting in the cross-girders begins, as has 
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been said, at the side where they are lying, but as to 
whether the short or long ones are first placed depends 
upon the opinion of the particulair foreman in charge for 
the contractors. In this case it will be supposed he de- 
cides to put the short ones in first — to begin, in fact, from 
the very beginning. If he is a man who knows his busi- 
ness he will have taken care to keep his short girders 
separate from the rest, so that they are at once available 
without useless shifting of the others. The gantry on 
which the travelling crane, or to be more exact, on which 
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the lifting tackle travels, is constructed so that its terminus 
may be as close to the abutment as is possible. This is 
usually within 8 or 10 feet of the extreme edge of the 
abutment, or of its nearest point in the case of skew 
work. 

Part of the working plant required for jobs of this 
nature are somjs rollers made of oast-iron. They are from 
4 to 6 or 8 feet long, and from 3 to 5 inches diameter, cast- 
iron tubes, some ^ to f inch thick in substance, with 
a number of ^-inch holes cast here and there in them 
radially. 

A number of these are laid upon the ground within the 
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reach of the gantry. The lifting tacile on this — ^techni- 
cally known as the traveller, and in future referred to as 
such — is brought over the first girder required, lifts and 
conveys it over the rollers, upon which it deposits it end 
on towards the river. It is next rolled forwards as near 
the edge of abutment as is practicable, either by a gang 
of men with pinch bars, and shoving, or else by the aid 
of a crab or windlass, and a snatch-block hooked to a lat- 
tice bar of a main girder. A block and tackle are now 
secured to the lattice work of main girder, immediately 
over the point where the cross girder is to be secured ; 
another tackle is secured very carefully to or near the end 
of the cross girder, which is to come under and be secured 
to main girder. The rope or chain uniting the two tackles 
is now hauled, either by a gang of men or by a crab, pre- 
ferably the latter, and the' girder, to quote a sailor phrase, 
" slewed," or canted round, the roUers being shifted as it 
moves till it is got ia its true line at right angles with the 
maiu girder. It is then drawn and urged carefully for- 
wards tin its end is nearly in its right position. It is now 
shifted to and fro, tUl at last one of its rivet-holes is brought 
into something like a line with its own corresponding hole 
in main girder ; a taper drift is then gentiy driven down 
from the main girder through both holes, and acts as a 
steady piu. The farther end of the cross girder is then 
shifted with crowbars tiU the other holes in both girders 
correspond. 

The tackle is now hauled upon till the cross girder end 
is lifted up as close to fl.ange of main one as the strength 
of the tackle wUl admit of. Service bolts, already described, 
are now put in some of the holes and screwed up tight. 
These draw, or should draw, cross girder up quite tight to 
main one. The tackle is now taken off, and in technical 
parlance, the first cross girder is " in." Its end resting 
on the abutment neither needs nor gets any fixing just then. 
The next step is to construct a sort of gangway, or ramp, 
between the top of this first cross girder and the ground 
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leTol within reach of the trayeller. This is made with 
rough stones, and planks or battens laid upon them. 
The tackles on the main girders are now detached and 
hooked over the points where, ' assuming the next to be a 
full-length girder, it will come. The required girder is 
slung by the traveller, and carried forward as far as pos- 
sible, and lowered end on to the river, and deposited as its 
predecessor upon the rollers. A cheek-rope and tackle are 
laid off behind, or away from the river, and secured to the 
girder, as a safety gear to control its forward motion and 
guard against overrunning. 

The first girder was the easiest to get in, as it had not to 
be lifted once the traveller put it on the rollers. It was 
also shorter length, and every way more manageable than 
win any of its successors be. It only needed a tackle at 
one end ; all the others, save and except the short one at 
the other abutment, must have tackles at both ends. The 
short one could be slewed round on the hard ground of 
the abutment, the others cannot. The second cross girder, 
its tackles and check gear being fitted, is hauled and urged 
by crowbars up the ramp, and the critical part of the job 
begins. 

Methods and conditions of work of this nature vary so 
much that in a treatise like this certain particular ones 
only can be assumed as illustrations, such assumption by 
no means implying that the methods here described cannot 
be varied, and it will suffice to say that if the two main 
girders had been built as previously described on a central 
stage, that stage must of necessity be removed before the 
cross girders could possibly be put in, because they would 
come below it. It will be understood that there is ample 
space for a man to walk to or fro inside the lattice work of 
the main girders on their bottom flanges, if so constructed. 

The cross girder is now hauled forwards by the chains 
and tackles at either end till it is as it were launched into 
mid air from the girder previously fixed, the check gear 
steadying it. By dexterous management of the slings and 
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tackles it is lo-wered till its top surface is below under side 
of main girders, being slewed at the same time obliquely, 
so as to dear them. Being lowered sufficiently, it is again 
slewed back nearly to a right angle with main, or parallel 
' with first cross girder, and like it raised up till it is close 
to main one. As before, a taper drift is got into a pair of 
holes at one end, and then the other end is shifted about 
till a second drift can be in like manner got into it. After 
this both ends are service-bolted up and made temporarily 
secure. 

Battens or strong planks are laid as a platform over the 
two girders thus laid, and a third is brought forward by the 
traveller. The tackles and checks secured, it is hauled up 
the ramp along the bit of platform, launched, got in place, 
and secured. 

There is no need to say more than that as each is got 
in place and made fast the platform is extended, and the 
tackles moved back on the latticing of the maia girders tUI 
they are aU in place. It is at this time that any error in 
the placing of the two main girders becomes painfully 
apparent. If they are not exactly the same distance apart 
at all points as will suit the cross girders, the holes for the 
bolts and rivets in both wiU not correspond, and a good 
deal of delay wiU be caused, as well as expense also ia 
shifting one or other of them. Longitudinal error also 
may be found, owing to one or other girder being so placed 
that when the holes in one end of a cross girder and their 
fellows in the main one match, and the two girders are 
truly square one with the other, the holes in the other 
main girder are not concentric with their f eUows, owing to 
this or the other main girder being too far in, or not far 
enough so on one abutment. Here again the hydrauHo 
jack and labour and time have to be called on to move it 
till the holes match. Of course if the ironwork has been 
properly made in the yard, when one long cross girder is 
got right all the others will come right as well. This teaches 
a capital practical lesson to young engineers of the abso- 
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lute necessity for having every step in suet construction 
taken correctly ; no sluring or passing over, no saying, "Oh, 
it wiU all come right at the site," being allowed for a 
moment. In work of this kind there is no going back, no 
retracing of steps, therefore every step must be a right step. 

As soon as it is certain that a cross girder is properly 
in its place, the requisite holes may be drilled in those ends 
of the main girders which are to be fixed, and the stakes 
or pins driven, care being taken to secure both to the same 
abutment ; if this is not done there will always be some 
danger of a strain, due to expansion and contraction, being 
put on the rivets securing the cross to the main girders, 
owing to a want of uniformity in the motion of the two 
latter. 

Another method of putting in cross girders, especially 
those that are underhung, is by means of a derrick. A 
derrick consists of a single perpendicular pole or post, 
generally of wood, of sufiicient strength, which is either 
known by experience or may be readily calculated from 
rules framed from elaborate experiments made at various 
times by able investigators of the subject. A block of 
three or more sheaves is fixed at the top of this, and, 
moreover, four strong ropes or chains, called guys, are 
carefully made fast at the same point. There is a snatch- 
block, or block with one sheave, secured also at the foot of 
the post; a block or tackle is united to these blocks by 
reeving a chain or rope tlrrough tkem all. A rope would 
run the smoothest, but there is considerable danger of its 
being cut or injured by the edges of the iron plates, &c., 
BO chains are most commonly used. A crab or windlass is 
securely fixed on the abutment, in line as near as may be 
with the set of the snatch-block, as well as to suit the best 
method of securing the foot of the post against the side 
strain that will be put upon it by the pull of the chain. 
The derrick is "stepped," to use a shipping expression, on 
the edge of the abutment, and the four guy ropes are taken 
or led away to distant points, at about right angles, 
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drawn tolerably tight, and most carefully secured; these 
keep the post upright — these and these alone. If the post 
be truly upright and the guys tight and soundly secured, 
very little strain will come upon them, but the strain 
will rapidly increase upon any one or any pair of them 
in proportion as the post is inclined from it or them. The 
foot of the pole, if it were simply on hard ground, would 
neither need nor receive any better securing than the 
digging of a little cup or indentation in the ground for it 
to rest in. In the case under notice, where it has the first 
girder to put in, it is stepped close to the edge of the centre 
of the abutment, and some blocks of stone laid against its 
foot, especially at the side next the crab ; much is not 
needed to keep it in place, because it has the whole dead 
weight of the girder forcing it down on the stone ; while if 
the tackle be a six-purchase affair — that is, two three- 
sheaved blocks and six runs of rope — of course the strain 
on the rope as it goes off to the crab is but one-sixth of the 
weight of the girder, or at most here IJ tons. 

A cross girder is now brought forward by the traveller 
and laid beside the derrick, a powerful sHng is put round 
the centre of the girder, the centre being found with some 
care, so that the girder may hang reasonably in balance. 
A tackle is also secured to each end as a safety gear, and 
to swing or slew the girder, it is united to each main 
girder. Men now go to the crab and haul on the sling 
rope till the girder is clear of the ground. The two end 
tackles are hauled on so as to draw the girder towards 
them. As the derrick is about 15 or 18 feet high, and the 
cross girders but 5 to 6 feet apart, little difficulty is expe- 
rienced in drawing the girder away from the pole as far as 
may be necessary, even if it be stepped upon the abutment ; 
usually a balk of timber is laid, resting one end on some 
part of main girder, the other upon the abutment, close up 
to where the cross girder is to go. The girder is then 
worked up near to the post and the tackle brought to 
work; it of course draws it on and lifts it. It is then 
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slewed, lowered, slewed back again, and lifted close in its 
place, set and service bolted as before. The derrick is 
now moved forwards and again stepped on a timber laid 
from abutment and &'st girder, and projecting cantaliver 
fashion, or close to position of the next girder. The back 
end of this timber is carefully loaded with stones, to pre- 
vent its tUting by the pressure of the foot of the loaded 
derrick ; a gangway is made, the next girder taken from 
the pile and brought forward by the traveller, worked on 
from it to the derrick, slung, and got into position as 
before. The same process is repeated all across till all the 
girders are placed. 

A third and very simple method is also suitable where the 
breadth of the roadway or distance between the two main 
girders is not too great, say inside 30 feet, and the main 
girders are straight topped, not " bowstrings." This is to 
treat the main girders simply as a gantry. Fasten a couple 
of rails on them — they need not exceed two lengths at each 
side, as they can be taken up alternately and laid again 
farther on — a single strong timber well trussed laid across 
from girder to girder and fitted with a block and tackle, 
the chain being led off to the crab as before, and the cross 
timber being lashed to each main girder to prevent its 
shifting. Indeed, for simplicity' sake, the rails may be dis- 
pensed with and the ends of the cross beams rested simply 
on the girder. 

This being set over the place where the first cross girder 
is to come, the latter is brought forward near to end of 
gangway and the sling secured ; it is then swung off into 
its place as before, secured, and the gangway extended on 
to it ; and the cross timber, also moved on another girder, 
is brought up, slung, and placed. The time occupied in 
putting in cross girders is much the same in either of these 
methods. The last is the most expeditious, but the heavy 
cross piece is a costly item, as it must be first-rate quality 
and a heavy balk well braced. 

Cross girders, which are secured to the sides of the main 
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girders, resting on the flange angle irons, can be more 
easily put in by another method, if the main girders have 
been biiilt upon a central staging. This staging is lowered 
by letting down the transomes, and rails are laid from one 
abutment to the other ; a flat-topped truck on low wheels 
is put on it. The top table of the truck is slightly higher 
than the angle irons of the main girder. This truck is 
brought to the abutment, and as the main girders in this 
arrangement rest simply upon the ordinary level of the 
abutment, of course the top of the truck is also about level 
with it, so a cross girder is got on to it without the least 
difficulty. In the methods already described the laying 
begins at the near side ; in the present case it begins at the 
farther side, for obvious reasons. When the girder is got 
well on the truck in an oblique horizontal position, so as 
to be clear of both main girders, it is either hauled along 
by a chain and crab or pushed by the men, till at its final 
place, when it is slewed round ; small packing pieces are 
laid on each main girder angle iron which it is worked on to 
till clear of the truck, it is then adjusted into its final posi- 
tion and secured with service bolts, which in this case have 
only to prevent any possibility of its shifting laterally, but 
have no weight to sustain as in underhung girders, because 
the girder ends rest upon the main angle irons. 

Of course the central railway and truck can be used for 
underhung girders as well, but all depends upon local cir- 
cumstances and the views of the man in charge for the 
contractors. As to time expended, at least three ought to 
be put in in a working day of 9^ hours in good weather, 
and the number of men, including two on the traveller, 
about eight beside the foreman. 

The next thing is to get the girders riveted, so planks 
are laid, forges got along, and work commenced. Owing 
to the cramped conditions it is very difficult to get nicely 
finished riveting done, and as it is not in public view it is 
not very necessary, but the soundest work is very essential 
even for the girders resting on the main girders, but it is 
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absolutely vital for underliung girders, as there is nothing 
but the bolts and rivets retaining them and the floor of the 
bridge in position. The sketch (Fig. 33) shows the way 
the rivets and bolts act. 

There is the most perfect safety in fitting cross girders 
in this way, the united strength of all the rivets and bolts in 
any single girder being capable of sustaining at least one 
hundred times the greatest load that possibly could by any 
method be put upon them. Pigs. 29, 30, and 31 show how 
the other girders are supported, and horizontal rivets secure 
their end plates and angles to the side or trough plates of the 
maiE girders. The sketch, Fig. 33, only shows the principle 
of securing. A great number of both bolts and rivets are 




used to secure each end. But nevertheless the most careful 
supervision must be exercised over the men to ensure sound 
and reliable work. 

While the riveters are at their work the process of lay- 
ing the floor now proceeds ; first the angle irons running 
along by the main girders are laid down and secured with 
service bolts. Next the tee-irons running in the same 
direction over the cross girders, marked t t t in Fig. 16, 
are put down. Certain holes were drilled in top plates 
of the girders and corresponding holes in the tee and angle 
irons by which they and the floor plates are to be riveted 
together, and to secure that they will do so the work must 
have been, as has so often been impressed on the reader, 
set out and carefully done in the yard. Besides this, how- 
ever, the work must be properly laid together at the site. 



64 



IRON BRIDGE CONSTRUCTION. 



S 



and therefore it is extremely important that the cross- 
girders should be perfectly square with the main girders. 
This can be easily and accurately determined by triangu- 
lation. Mark a point on top of any cross girder close as 
possible to main girder. Take either a 10-foot measuring 
staff or a steel tape — a Hnen one wUl not answer — and mark 
off 12 feet, either on top of the cross girder, or on trough- 
plate (c, Eig. 30) of main girder, and make a mark with 
the punch. Now from first mark measure off 16 feet, 
either main or cross girder, taking care in the latter case 
to have the punch mark the same distance from the edge 
of the top plate as is the first mark. The annexed diagram 
(Fig. 34) shows the method in plan. 

^ > ABO are the punch marks. Now, 

F if the cross girder is truly square 
with the main one, the diagonal 
dotted line, which is the hypotenuse 
of a right-angled triangle, must be 
exactly 20 feet. Any other propor- 
tionate numbers may be taken, such 
as 3, 4, and 5, or 6, 8, and 10, and 
so on, but they must be high num- 
bers to give long lines, to secure 
accuracy. See also what has been said 
about underhung girders at page 58. 
As fast as the angles and tees are put in position the 
labourers carry on the floor-plates, already described, and 
lay them down, and they are adjusted into their places 
with small pinch bars. If they have been properly squared 
at the miU, and bent and drilled in the yard, they will aU. 
come close up to the roots of the angle and tee-irons, 
which are sharp-angled thus _J, not round-angled thus _J, 
for this work, and will also butt close, level, and flush with 
each other ; if they are not square and all curved equally, 
of course this cannot be the case, and the cover strips going 
over the joints of course cannot lie close to the lower level 
or least bent plate ; where this is found to exist it entails 
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immense trouble and expense. These floor-plates average 
12 feet long, 3 feet wide, f inch thick, and weigh about 

4 cwt. each ; about 150 of them are required for the floor 
of such a bridge as the one under notice, or 30 tons, and 
the expense of getting these rebent to make them true can 
be easily judged. 

When all the plates are down, or while they are being 
laid, other men are busy putting on and bolting the curved 
strips before referred to, which cover the plate joints and 
bind the plates together ; they are secured by f-inch rivets, 

5 to 6 inch pitch centres. Here also the work must be 
tightly bolted up before riveting,, for reasons already ex- 
plained. Some plates along at either or both main girders 
are left off till the last, to afford access to the underside of 
the floor for purposes of riveting. Short pieces of timber 
are laid between each pair of cross girders, resting on their 
bottom flanges, and planks are laid on these, forming a 
platform for the men to stand, or rather crouch, upon. 

If the floor has been well made, and the cross girders 
truly squared, aU the rivet holes in the floor will be quite 
concentric and true, and as the holes are short, only % inch 
long — except the few at the cross girders where the rivets 
go through girder, flange, tee, and floor-plate, where they 
are \\ inch — the riveting can be got over very fast. A gang 
can put in, working fairly and where the holes are all 
right, about 60 rivets an hour. At 5 inches pitch, a plate 
12 feet by 3 feet would have about 72 rivets in it. Then, 
150 X 72 = 10,800 rivets, and 10,800 -;- 60 = 180 hours' 
work ; or four gangs, could, if there were no other work to 
interrupt them, and working nine hours a day, rivet the floor 
in five days. This is never actually effected, for various 
reasons : nine hours cannot be worked in the three winter 
months, and various things make the time exceed this, even 
when the days are sufficiently long. 

Care must be taken when laying the floor-plates to put 
those that have the holes cut in them for the gully-drains 
of the roadway in their proper places. Small round holes 
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are cut in other of the plates to receive small funnel-sliaped 
pipes with perforated covers, standing so much above the 
plates as to hring them flush with the asphalte. 

When the floor is all riveted down, the next job is to fix 
the cinder plates. These are 18 inches to 2 feet wide by 
f inch thick, a continuous row of which, close butting to 
each other, is riveted to the latticing of the main girders, 
and whose lower edges rest on the floor angle-iron before 
described. They are called cinder plates because they serve 
to keep the cinders and refuse used for baUasting under 
the paving setts from falling through the latticing. 

WhUe they are being fixed the asphalters are at work, 
and the process needs a little description. First, the floor is 
swept quite clean and it must be perfectly dry ; then men 
come with buckets of hot melted asphalte, and coarse small 
scrub brushes fixed to long handles ; with these the floor is, 
as it were, painted with the asphalte. Other men follow 
them up with barrows of very coarse shingle or gravel, 
which is spread over the floor in sufficient thickness to make 
all a level surface up to tops of tee-irons and the curved 
floor plates ; then asphalte is brought in buckets and poured 
over the shingle, through which it runs, cementing it all 
into one mass and making the surface very tolerably even. 
When this is hard, which quickly takes place, the surface 
is divided into spaces by laying down long narrow boards 
parallel to each other, then more melted asphalte is poured 
on within them and most carefully smoothed all over with, 
to all intents, smoothing-irons on long'handles, making the 
whole floor surface smooth as a skating rink, and level or 
flush with the funnel drainpipes before mentioned. The 
cinder ballasting is carted on and spread over it, and the 
flags and curbing of the footpaths are put down, as well as 
any gas or water pipes required, and the guUy drains are 
put in place and the roadway paved. 

Some engineers put cast-iron coping saddles or pieces on 
the tops of the main girders, of a more or less ornamental 
character, generally of a less so. They are sometimes 
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fastened with small bolts, 
but occasionally retain 
their position merely by 
their own weight, and ex- 
cept for painting, the 
bridge is, as far as the 
ironwork is concerned, 
finished. 

The bridge which is illus- 
trated serves to unite the 
Pendleton and Broughton 
districts of Salford, and 
the new road which forms 
the approach to it is the 
connecting link which com- 
pletes an almost direct line 
of communication from 
Pendleton to the northern 
districts of Manchester. In 
the design for the iron- 
work the stereotyped form 
of lattice girder has been 
to some extent departed 
from. In the top and 
bottom booms of the main 
girders, the plates which 
take the compression and 
the tensile strain are 
arranged vertically, in 
order that the strains may 
pass as directly as possible 
from the diagonals through 
the metal which is pro- 
vided to resist them. It 
was found necessary to 
employ a certain amount 
of packing between the 




A SALFORD BRIDGE. bq 

points where the lattice bars are riveted to the web plates, 
but these packings have been made to serve the purpose 
of cover plates, and there is very little material in the 
girder work which is not usefully employed in resisting 
force of one kind or another. 

The cross girders are attached to the main girders in such 
a manner that there can be no tendency to distort the main 
girder by bringing a greater strain to bear on the inside 
plates and bars than on those outside (see Mg. 31). A 
square gusset or knee-piece of plate is riveted between the 
web-plates of the main girder opposite to the end of each of 
the cross girders, as shown in the engraving, and the web of 
the cross girders is attached to this gusset by angle-iron 
and rivets, besides which the end plates are riveted strongly 
to the outside and inside web-plates of the main girders. 

The roadway is constructed in the usual way of tee-iron 
placed parallel to the axis of the road, and resting on the 
cross girders, which have a camber on the upper side 
parallel to the curved section of the road. The platform is 
filled up to the level of the top of the tee-iron with asphalte, 
and over this is placed a layer of cinders as a bed for the 
paving setts which form the surface of the road. 

The bridge has been designed to carry a live load of 
100 lbs. to the square foot, the sections of the bars and 
plates being calculated with the usual margin of five times 
and four times the breakmg strain for tensioa and com- 
pressiou respectively. 
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OliNERAIi PRINCIPLES — INFLUENCE OP TEMPERATURE — SECTION OP IRON 
— SPEOIPICATIONS — EXTRACTS PROM MR. GBAHAll'S PAPER. 

This book -would not be complete without noticing other 
matter which, to avoid confusion, has not been mixed up 
with the purely executive matter just completed. 

And first a few words may be said about general prin- 
ciples necessary to be kept in mind in designing iron 
bridges. 

Mathematicians, if given certain fixed data, will in return 
g^ve a skeleton diagram of every member of, say, such a 
bridge as the class just dealt with, as weU as of more 
elaborate and complex structures, maxking the tensile or 
compressive strain on each. Any competent eng^eer can 
in most cases do it. The working conditions of the bridge 
are in no sense fixed data, and even as the nigger could 
not count one pig of a drove, because he ran about so, so 
in like manner with a bridge. Conditions of wind, of tem- 
perature, of moving loads, and even undiscoverable flaws 
and defects of workmanship, import an element of uncer- 
tainty into the matter. 

There are sundry practical points also outside the limits 
of theory that must be discerned and allowed lor. Thus, 
American engineers assert that a certain amount of mate- 
rial, if concentrated in one member, will do more work 
than if the amount were divided between two or more 
members, and many American structures, either of wood or 
iron, reflect credit on their designers. 

Theory should never be neglected in these matters, but 
it must be kept in its own place, and where common sense 
is interfered with by it, it must be put aside, 
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The action of the changing temperatures of the atmo- 
sphere does much to overthrow mere theory. Mr. Clarke, 
when speaking of the Britannia Tubular Bridge, observes : 

" Although the tubes offer so effectual a resistance to 
deflection by heavy weights or gales of wind, they are 
nevertheless extremely sensitive to changes of temperature, 
so much so that half an hour's sunshine has a much greater 
effect than the heaviest trains or the greatest storm ; they 
are, in fact, in a state of perpetual motion." The same may 
be said of any iron bridge, especially of those over rivers, 
for the heat of the sun can beat with full effect upon the 
top members, heating and expanding them, while the lower 
members being in the shade, and the wind or light breeze, 
cooled by its proximity to the water, cools also the lower 
members, consequently the camber of the girders is con- 
stantly altering ; and it is for this reason as much as for 
ornamental ones, that the east-iron coping is sometimes put 
on to shield or screen it from the sun. In other cases it is 
painted white. The following figures, quoted from a paper 
on wTought-iron girder work, read by Mr. Graham Smith 
before the Liverpool Engineeriag Society in June, 1877, 
win give a good idea of the strain caused in ironwork by 
alterations of temperature : — 

" If the difference between the extremes of temperature 
be assumed at 82° Fahr., or say between 20° above zero 
and 102° Fahr., and a change of 15° Fahr. be capable of 
inducing a strain of one ton per square inch on wrought 
iron, it follows that this variation of temperature, unless 
provided for, will induce a strain of 5 "6 tons per square 
inch ; but then this is a somewhat extreme supposition, for 
this reason, such extremes are never co-existent in any 
twenty-four hours, because the cold, ten degrees of frost, is 
of necessity only present in winter, and then the tempera- 
ture in the sun might be taken at 40° Fahr., or a difference 
in any winter's day of but 18°, or a strain of littie more 
than a ton. In summer the variation is occasionally more 
than this, say 36° between that at high and simny noon. 
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when, it might touch 100° Fahr., and the following or pre- 
ceding morning at two. The extremes, too, act for but a 
part of the twenty-four hours, so it has not time to do much 
if any injury, especially if the non-conductive influence of 
the paint is to be counted for anything." 

In practice in this country, according to Mr. Gr. Smith, 
an allowance of -f-g inch in every 100 feet is found suffi- 
cient. 1^ is 2-7V3 of 100 feet, and as iron within working 
limits stretches about to 00 s- of its length for each ton strain 
per square inch, it follows that the strain caused in this 
country in ironwork, unless provision is made for expan- 
sion and contraction, will be 1 ton as 2,743 is to 10,000, or 
a little over 3^ tons to the square inch. 

It must not be forgotten, however, that differences of 
"temperature act in two different ways on iron structures ; 
one is, where some parts of the structure itself are of a 
different temperature to others of it, as in the case of the top 
and bottom flanges or members of a bridge girder. Mere 
alterations of weather heat will not affect it if it is all 
uniformly changed together. The second way is as regards 
the relationship of the structure to external structures, in 
Buch case as that of a girder resting upon two abutments. 
Here a girder 100 feet long in a frost may be 100 feet, and 
nearly half an inch long on a hot summer's day ; in both 
cases, if the girder be of uniform temperature all over, there 
are few internal strains in it, but if one end is not left free 
to move, the bed-plate or masonry on which it rests will be 
cracked and displaced. It used to be an idea with some 
engineers that giving liberty to one end of a girder to move 
was a needless reflnement, and in proof of this pointed to 
the friction rollers put under some which had rusted fast ; 
but this does not at all prove that no movement took place. 
The author has been informed by an eye-witness that he had 
seen a very old iron bridge taken down' whose girder ends 
rested on felt, put between it and the bearing plate, and 
that not the least trace of rust or corrosion was visible. 
Then again, concerning these strains, tie-rods or bracings 
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of all kinds may be- carelessly screwed or cottered up so 
tightly as to. greatly increase tteir ordinary legitimate 
load. 

In designing an iron bridge, or, indeed, any iron struo 
ture of a kindred nature, when estimating the sizes of the 
sections to he used, three things must be kept in view : — 
First, the theoretical margin of safety to decide on ; this is 
usually about 4^ to 1. Thus, if it is decided to use iron 
whose ultimate or breaking strength shall be 22 tons per 
square inch, then the Board of Trade rule for railway 
bridges is that the maximum working strain shall not ex- 
ceed 5 tons to the square inch. The second is, to use all 
bars wide and thin rather than narrow and thick, because 
the rivet-holes can be kept farther apart and more of them 
can be got in ; and, third, to carefully avoid adopting an 
unreasonably high margin of strength, as the doing so 
tends to weaken rather than strengthen the bridge, by 
loading it with a quantity of redundant iron and increasing 
also the difficulty of riveting it up soundly. 

In fact, it may be Jaid down as a proposition that for a 
given iron structure, regarded from a constructive point of 
view, there is some particular quantity of iron which is 
best for it, and neither more nor less. 

As for the durability of iron bridges it is to be feared 
they will never rival, say the Pyramids, in durability, owing 
to rust — and iron will do that, paint it never so wisely. 
There is, however, another source of decay existent, in 
what is called the fatigue of the metal. This is caused as 
follows. It was at one time considered that iron must be 
strained by a certain load before it took a permanent set, 
and this was termed its limit of elasticity. This may be 
determined in either of two ways ; thus, in pure theory, 
such limit is that at which the elongation ceases to be in 
proportion to the additioiial strain ; the other, and practical 
way, is to regard as limit that point up to which strain may 
be imposed, which however often repeated will not, after 
the first imposition, cause any further elongation. 
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For example : if a bar of iron be subjected to a strain of 
10 tons and is thereby lengthened, say 3 per cent., and 
that when the load is remored it does not shrink to its 
former dimension but retains its new one, that is its per- 
manent set. "Well, if it is again subjected to the same 
strain a second time, and stretches no more, then the load 
is within the limit of elasticity ; but if a further extension 
is perceptible then the load is beyond that limit, and iron 
should not, where possible to avoid it, be subjected to such 
a strain. Every care is taken to ensure this, and while the 
structure is new all is well ; but as time, and rust, and the 
strains of expansion do their work, the limit is one day 
reached in some of the members. Then such members wiU 
begin to stretch more and more till, if not discovered in 
time, they give way. This is the way in which what may 
be termed the fatigue of the metal takes place. 

A point of an essentially practical nature is, that in de- 
signing, care should be taken to introduce only sections that 
can be readily obtained in the iron market ; it is very siUy 
to design first and then find that this or that tee or angle- 
iron cannot be obtained. Here common sense must be 
heard. Young and enthusiastic engineers— boys — fancy 
they can design structures whose strains can be determined 
to any number of decimals, but they outgrow aU that ; 
scientific rules are indispensable, but science retires if ab- 
surdity comes to the front. 

Sheets of sections of merchant irons of all forms in ordi- 
iiary use are readily obtainable, and no drawing ofiice 
ought to be without them, but even with them it is well, 
before working in any section shown on them into a design, 
to previously write an inquiry as to whether that section is 
in stock, or if the rolls will have to be shifted to roll it ; an 
extra charge is sometimes made for changing rolls, unless 
the probable order wiU be a big one. The prices extra for 
sizes or lengths out of the ordinary are usually given with 
the sheets. 
. The influence exercised by the size of iron on economic 
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construction can be thus seen : — Take the case of a flat 
girder, say 65 feet span, to carry a load of 12 cwt. per foot 
nin. Taking into consideration the economic practical as 
well as theoretical depth of such a girder, it will be found 
to be 5 feet 6 inches, but as plates more than 4 feet 6 inches 
wide are charged for at a higher rate, this modifies other con- 
siderations and fixes this as the proper depth of the girder. 
Short plates set vertically would not answer, because the 
tendency of the strain would be then across the grain or 
line of fibre of the iron. Some engineers would use Bowliag 
or other equally expensive brand, for plans where there 
was much bending or twisting of the iron, but the author is 
of opinion that the more advisable way is to exclude such 
bends as far as possible from a design, it being often much 
better to use square corners and to make the plates or angles 
separate,, to butt them dose and rivet soundly ; but at the 
same time, now that the practice of pressing the iron while 
hot into shape is in such general use, it can be bent thus 
without injury to the iron, and most accurately to form, in 
the press dies ; therefore bends are less objectionable than 
where they had to be made by the smith's hammer. 

Mr. Q-. Smith, in the paper before referred to, observes 
as regards testing iron : — " Ironmasters are averse to test- 
ing, to some extent." Mr. Smith said he was once advised 
by one of these gentlemen, of high standing, to exhibit his 
knowledge by simply specifying "best merchantable iron, 
and if from inspection it was found not to be good, it could 
then be tested." 

The author has not met any such. The first lot of iron 
supplied under an ordinary specification is sometimes vari- 
able in quality, but the mUlowner can and wiU, by firm 
treatment, supply it of uniform quality. Contractors, to a 
great extent, estimate the quality of the work which will 
suffice, as weU. as the character of the engiaeer, by the 
style in which the specifications are got up. If the require- 
ments are fair and just, and the drawings are done in a 
workmanlike manner, they will be careful. in their move- 
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ments. If, on the other hand, the reverse of all this, they 
will put on a percentage to cover contingencies. 
The following remarks are useful for inspectors : — 
Engineers usually specify that the iron shall he tested at 
Mr. Kirkaldy's, or other independent testing-place, of which 
there are three or four available. There are Lloyd's proof- 
houses for cables and anchors, one at Netherton and one at 
Tipton, in Staffordshire, and the splendid testing machines 
of the Mersey Docks and Harbour Board. The Monk- 
bridge Iron Company have an excellent machine ; so have 
Messrs. Galloway, of Manchester, at their Knott Mills 
Works. There is no difficulty in having the iron properly 
and impart'ally tested, and the method has been already 
described. 

Speohtcations. 

At the end of this volume wiU be found a copy of a spe- 
cification for an iron lattice girder road bridge of consider- 
able dimensions. It contains some defects. First, it would 
have been prudent if it contained on its first page a distinct 
statement that its terms would be strictly demanded and 
adhered to. No subsequent plea on the contractor's part 
that either he had not read this or that clause, and did not 
expect it to be exacted, would be accepted as an excuse. 

The specification given contains a clause that aU the iron 
delivered must be weighed on the Corporation or public 
weighing machine, and only the weights there foimd paid 
for. The precise object of weighing is not made apparent, 
and therefore may excite speculation in the mind of the 
reader. Obviously the actual must not materially differ 
from the engineer's estimated weights, because, if on the 
one hand the price tendered is a lump sum, as it usually is, 
then it is the contractor's interest to give "Hght " sections, to 
the detriment 'of the work. On the other hand, if the price 
tendered be a tonnage one, or at so much a ton, it is his 
interest to give "full" sections, thus enhancing the price 
to be paid. In either case, if the contractor is a sharp man 
he can " tip" the man rolling the plates and angles, who 
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will in return " roll full" or " roll bare," tlius putting on or 
taking off a percentage of weight. 

This stipulation is very unpractical ; in most cases it 
■would involve taking the iron a good deal out of the direct 
road from the canal or railway station to the site. The 
simple and practical method is to stipulate that authenti- 
cated copies of the carrier's weigh-biUs be supplied to the 
engineer ; this saves all trouble. 

Another clause often difficult to carry out is that which 
demands that the whole of the parts shall be drilled while 
in the position they will actually occupy in the bridge. In 
some yards this possibly may be done, in others it actually 
is effected, while in others there are no appliances to hand 
for the purpose. In a certain yard in Scotland wrought- 
iron bridge piers 60 feet high, of pairs of girders connected 
by plate-iron arches, all the parts were clamped together 
and every hole was drilled, a machine made for the purpose 
being provided ; but circumstances always alter eases. As 
a matter of fact, with such simple structures as those 
treated of in this work, there is no need for the process 
under review. ExbeUent work can be done, and is done 
every day, by template, but it needs patient, firm, and con- 
stant supervision, especially if done on "piece-work." 

It is not generally wise for an engineer to give too many 
instructions as to the method to be pursued by the con- 
tractor in doing the work. He may suggest or recommend, 
but more than this will either be " wriggled out of," or else 
will cause extra cost. This is best left to the contractor. 
Besides, requirements of this sort risk the transference of 
responsibility from the contractor. Engineers, for example, 
unless under particular circumstances, should not require 
the iron to be obtained from particular firms, or made in a 
special manner ; all this is for the contractor to look to. 
The iron must stand the tests — that is safeguard enough. 

Eeference has been made to the dispute clause in specifi- 
cations. This gives absolvite powers to the engineer ; it is 
open to objection, however, and contractors bitterly resent 



78 IRON BRIDGE CONSTRUCTION. 

it. Men of all sorts and conditions like a power of appeal ; 
this gives none, and if an engineer be unscrupulous he 
may half ruin a contractor, though the latter is generally 
very well able to take care of himself. The clause, as 
merely applying to the work specified for, is right enough, 
but frequently there are extras or alterations, and disputes 
arise as to their cost and what is to be paid for them. If 
these are small, mutual good sense and good feeling may, 
and often do, effect a settlement ; but there are enough ex- 
ceptions to make the clause distasteful to contractors. 

The following is an extract from the report of the dis- 
cussion on a paper "On Ironwork," by the author, before 
the Society of Engineers, London, in 1883, concerning the 
dispute clause : — 

"Mr. W. J. Davey said that the author of the paper put 
his objections to the dispute clause on two grounds — ^first, 
the injustice of it, and then the illegality. With regard to 
the injustice much might be said in favour of the engineer. 
The withdrawal of the clause might to a certain extent do 
away with the independent position of the engineer, for 
whilst it was quite true that he was the appointed agent of 
his client, he also to some extent acted for the contractor, 
and had to see that the specification was adhered to by 
loth parties to the contract. As the last speaker had said, 
the engineer must be the master of the situation. It had 
been implied that there was some doubt as to the legality 
of the dispute clause. It would no doubt be known to 
many of the gentlemen present that there was a well-known 
test case upon record in which a contractor had appealed 
from the decision of the engineer, and had taken the dis- 
pute clause through the whole of the courts, and it had 
been finally upheld, and after two years of dispute the dis- 
puted claim was referred back to the engineer for him to 
decide between the contractor and the other party to the 
contract. Therefore the dispute clause stood supreme as 
being recognised by the courts of law as being binding upon 
the parties to the contract." 
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The time or penal clause is usually a legal fiction. In 
works of any magnitude, or subject to any local circum- 
stances such, as preclude straightforward working, the 
time clause must of necessity be- taken in a provisional 
sense. It is always difficult also to prove that delay is 
directly due to the inaction of a contractor, and here, as in 
other penal matters, a motive must probably be proved, 
and this is practically impossible ; on the contrary, it is 
presumably to the contractor's interest to get the job done 
with all convenient speed. 

Engineers usually specify that all holes are to be drilled, 
but a great deal may be said in favour of punched holes. 
The argument in favour of drilled holes is that a ring of 
iron round the punched hole is injured, as before observed. 
This is not supposed to be the case with steel, which is 
surely, if slowly, making its way iato favour. Drilled holes 
do no injury to the adjacent parts of the plate; the work 
also is more refined. The faults of the drill are that it is 
much more expensive ; some authorities put it at £1 a ton 
more. It is so favourable to the iron that the most inferior 
rubbish can be drilled, and no sig^ apparent to show the 
inferiority. 

The arguments against punching having been given, 
those in its favour may be inferred also. Those are, less cost, 
bad stuff wiU not punch without "telling tales." Iron 
that will drill and "make no sign " wiU not bear punching 
at aU. Besides this, punching is much more expeditious 
than driUing. 

Some years ago, M. Barba, a constructor ia the French 
navy, found, by experiments with mild steel plates, that 
the injury done by punching holes in it was confined to a 
ring only -jV inch wide round the hole. No exact hard and 
fast rule can well be laid down about this matter ; one 
method is best in some cases, the other in others. 

The following is quoted from Mr. G. Smith's paper 
before referred to : — 

" The stiff eners to the web of a plate girder, if splayed 
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out clear of the angle irons will cost about fifty per cent, 
less for BmitMng than when made to fit close round them, 
and answer their purpose equally well. This class of 
stiffener cannot be adopted where the flanges are too 
narrow to admit of four rows of rivets ; but when the 
flanges are -of sufficient width to admit four rivets at one 
cross section, but require only two for their construction, 
the additional rivets can generally be put in without taking 
from the strength of the girder. The flanges of plate 
girders usually possess an excess of strength at points not 
very far distant from each other, owing to the unvarying 
thickness of the plates ; it is at these points that the 
stiffeners should be put in, if they can be so arranged as 
to be equidistant. If this cannot be effected, the cost of 
making extra templates, and the trouble caused during the 
construction, will more than counterbalance any economy 
to be derived by taking advantage of this fact. 

" The position of the rivets, their diameter and pitch, 
should be carefully considered, as it is on them that the 
whole strength of the structure depends. No amount of 
extra metal in the body of a tie can compensate for a 
badly constructed joint. Carelessness or ignorance of these 
small things at once indicates the amateur designer, who 
is often led astray by the facility with which he can 
ornament his drawings with these little circles or red 
crosses. 

" Many engineers specify for every class of work that aU 
rivet holes are to be drilled, so increasing the cost of the 
work by not less than £1 per ton. 

"This is a mistake, for experiment proves that with 
good ordinary iron the damaging effect of the punch is 
small. 

" The question whether to employ punched or drilled 
holes ought to be a matter to be decided by the engineer 
in each particular instance. If a number of plates are to 
be riveted together, or an intricate junction made, the 
drUled holes wiH be more accurate iinless great care is 
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exercised by first-class men at the puncliing machine 
When a simple plate and angle iron are to he put together, 
the balance of strength in favour of drilling is not suffi- 
cient to sanction the extra cost. 

" With punched work some idea of the quality of each 
angle, plate, and bar may be formed by examining their 
respective punchings, as already pointed out. A want of 
proper welding on the laminae of the iron may also some- 
times be detected when punching. It is difficult to punch 
near the edge of very bad iron, but a drill may be put 
through almost any rubbish. 

" In the early days of engineering it was a common 
practice to make things strong enough, on the supposition 
that a structure tested with something more than its work- 
ing load would be quite safe, which has already been shown 
to be erroneous. Still, on the completion of the structure, 
and before it is painted, it should be teslei with a proof- 
load and the deflection taken. This is simply a test of 
workmanship which ought only to be carried out in con- 
junction with the tests of materials. Hard brittle iron 
under this test may appear superior to a better and more 
desirable quality, and a part of the structure may be on 
the point of breaking and yet not yield sufficiently to 
materially alter the deflection. 

" Carrying out tests will involve an additional expense, 
but it is small, and against it the engineer may set the gain 
of esteem on the part of every honest contractor, and the 
satisfaction of knowing that he is obtaining good materials 
and workmanship. When it is considered that ' iron is 
not always iron, for sometimes it is simply rubbish,' tests 
are absolutely necessary to enable an engineer to state 
with confidence what is the maximum safe working load of 
a structure. When dealing with constructions subject to- 
much vibration or great change of stress, iron, like Port- 
land cement, becomes a dangerous material in the hands 
of those ignorant of its qualities. 

"If an iron structure is well designed, erected, and 
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taken care of, there can be no reason -why th.e term ' life of 
ironwork ' should not become obsolete. Iron embedded in 
concrete has been found at the expiration of years as free 
from decay as on the day of its manufacture. It is said, 
in fact, that water has no action on iron at the ordinary 
atmospheric temperatures, provided air be excluded. The 
usual means resorted to to effect this is by giving the iron- 
work a succession of coats of paint, and the limits of decay 
by corrosion are entirely governed by the eiScient state in 
which this paint is maintained. 

" Keeping these facts in view, the ironwork should be 
designed free of access to all parts for periodical examina- 
tion. Painting the internal surfaces of box girders and 
cellular flanges has always been a difS.cult and costly opera- 
tion. It is therefore fortunate that experience and science 
have demonstrated that such forms of construction are 
seldom necessary in modern practice. They may almost 
be considered as types of a bygone age, to slavishly imitate 
which, in many cases, shows ignorance of the principles 
and practice of modern girder work. 

"The paints used for ironwork are of every description, 
name, and quality. The usual varieties employed for pre- 
serving it against corrosion may be divided into lead, iron, 
oxide, silicate, and tar paints. Differences of opinion 
exist as to the relative merits of the first three descrip- 
tions, but the experience of several foremen painters con- 
nected with establishments in this town, whom the author 
has interviewed, is decidedly in favour of lead paints when 
of good quality, and mixed with good oil without spirits. 
Unfortunately there are no reliable practical tests to ensure 
good materials alone being used ; consequently both the 
colours and the oils are often inferior in quality and much 
adulterated. For these reasons, and on account of cheap- 
ness, iron oxide paints are by some preferred. 

" A little white lead mixed with the red makes it go 
farther, and easier to work into corners. If the first coats 
are put on with pure red lead, owing to its weight it is 
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liable to run ; but the last coat should consist of red 
lead alone. 

"The tar paints are more often used for ironwork 
which is not to he seen, such as water-pipes, floor-plates of 
bridges, and girders which are to be built into masonry or 
hrickwort. It is cheap, and answers well for such pur- 
poses and for sea work, as it is said not to foul so readily 
as lead or other paints of a finer description. 

"A good rough paint of this class may he made by 
heating ordinary coal tar, and mixing with it finely-sifted 
slaked lime, in the proportion of between half a pound 
and a pound of lime to a gallon of tar, adding sufficient 
naphtha to render it of a convenient consistency for laying 
on. This composition should he applied while hot, hut 
care should be taken not to make it too hot, nor to keep it 
over the fire too long, or it wiU lose its essential oils, and 
be reduced to a suhstance in all points resembling pitch. 
Some positions admit of the paint heiag sanded, ia which 
case it should be done, as it adds to its durahihty. 

" Before painting ironwork it is usual to give it a coat of 
boiled linseed oil, applied hot ; this forms a kind of var- 
nish and is an excellent preparation for the after coats of 
paint. Opinions differ g,s to when the coat of oU should 
be applied. Some engrueers specify that the iron shall he 
brushed over or dipped in oil whQe hot from the roUs. 
The efficacy of this method is douhtful, as the iron in 
undergoing its workshop manipulation is subject to rough 
treatment, and portions of its surface are sure to become 
exposed. Others specify that the iron shall be brushed 
over with hot oil just previous to the various portions 
being put together. This answers well for ordinary 
work, as hy the time it has gone through the workshops 
the blue scales have to some extent been knocked off. 

"These blue scales are in a greater or less degree in- 
separahle from the manufacture of the iron, but it is very 
important that they should be removed by some means or 
other before the paint is put on, for if not, in a short time 
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they will peel off and bring the paint along with them. 
The best way to guard against this is to have the ironwork 
put together in the yard and tested previous to either oil 
or paint being put upon it. A slight rust will form over 
the whole surface of the work, which wiU cause the blue 
scales to fall off. The rust should then be scraped off and 
the whole of the work rubbed down, which will render 
the surface peculiarly fitted for receiving the after coats of 
oil and paint. The oil should follow up, as closely as 
possible, the man cleaning the work. It is almost need- 
less to point out that the efficiency of this method entirely 
depends upon the thoroughness with which it is done, 
and no engineer is justified in specifying it unless he 
purposes putting an inspector to see that it is properly 
performed. 

"It may be well to point out that for foreign up-oountry 
work, too much care cannot be exercised to insure that it 
is properly painted in the first instance. 

"In conclusion, the author will only briefly refer to 
Professor Barff's recently discovered method of coating 
iron with magnetic or black oxide. This he effects by sub- 
jecting it to st am at a high temperature of about 1,200° 
Fahr. for six or seven hours. It is said that iron so treated 
wiU resist a rasp, and bear any amount of exposure to 
weather without showing any signs of corrosion." 
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BtrTIES OP THE INSPECTOR — EXAKFLES OP SPECIPICATIONS. 

The inspector, resident engineer, or clerk of works, as that 
official is indifferently designated, lias an extremely respon- 
sible and somewhat difficult post. His business is to see 
that the specification is adhered to. In theory this is 
simple enough, and where the contractor is an upright 
man with a good reputation, which he means to keep, 
simple also in practice. A good inspector is a man not too 
young, old enough to inspire respect, with a thorough 
practical knowledge of his business ; he must have consider- 
able strength of mind, plenty of tact, and endless patience 
and command of himself. He must also understand human 
nature and possess great discernment. He has very trou- 
blesome cards to play : he has to deal with his chief on one 
hand, and with the contractor, his executive staff, and aU 
the men on his job on the other ; he must know when and 
whom to admonish or reprimand. As has been before ob- 
served, respectable, honourable contractors — and there are 
very many such— Kke to have an inspector constantly look- 
ing after a job ; it saves them much trouble and even some 
responsibility. They like to have him if he is the right 
sort, one possessed of the qualities enumerated above, who 
is dignified without being supercUious, and who shows that 
he knows good work when he sees it. He ought to do his 
utmost to carry on his duties without being offensive or 
unreasonable, or disposed to split hairs about trifles. This 
last is a great mistake.' If he makes a great fuss about 
petty matters he will make himself contemptible, and pro- 
voke the very hoodwinking and sharp practice he is there 
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to prevent. His manner eliould be affable and courteous to 
every one. He must also be rigidly just. Different men 
have different methods, but the following outline may form 
some guide : — 

"When the chief engineer receives a report from the con- 
tractor that the first lot of iron for the work has been 
received from the miU, he either goes ia person, taking his 
iaspector with him to introduce to the contractor, and marks 
certain samples and leaves orders for their preparation for 
testing, or else he gives a letter of introduction to his 
inspector and sends him. The latter goes to the works 
and presents his letter ; he wUl be received politely, and if 
• offered, as some are, a glass of sherry or a cigar he should 
accept, unless he be a teetotaler or a non-smoker, other- 
wise his refusal is open to the interpretation that he is 
there as a foe, a broker's man in charge, an antagonist ; 
such an impression he should carefully avoid. He will be 
taken and shown round the works, and introduced to the 
manager, who in turn will introduce him to the foreman, 
whom he must inspire with respect. He ought not to be 
either too distant or too familiar with the men ; if he is the 
former he irritates them, and excites an animosity which 
shows itself in silent but steady obstruction. This is greatly 
to be deprecated, as they have numerous ways of making 
things unpleasant for him. and imposing upon him. On 
the other hand, over- familiarity brings him into contempt. 

A judicious " tip " to the foreman, or a leading hand, is 
always well-spent money; he will receive the greatest 
attention, he wiU be aided and helped in numerous ways 
by respectable and skilled workmen — plates will be shifted 
for him, a ladder, tools, a foreman found, and many other 
little things done for him. 

An inspector usually requires no tools or instruments save 
a note-book, a small folding rule, and his private stamp. 
This is a steel marker cut with some device not in common 
use, such as a Greek letter or the like. A rule, or slip, 
4J ox 5 inches long and e^bout 1 J inch w^^e. QJrosswise iq 
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this at its centre should be a sliding-piece, which when 
shut in leaves the rule parallel on both sides, but which 
can be pushed out sideways (see sketch, Fig. 37). Its use 
is to measure the 
snap-ends of the fin- 
ished rivets. Fig. 37 
shows how it is used. 
The plate s is. divided 
into sixteenths of an 
inch. Now, if cer- 
tain rivets are to be 
snapped to a depth 
of 1 inch, or from 
A to B, it is necessary 
for the inspector only 
to draw out the slide a little more than the required 
distance, and then, setting its end against the plate 
between the rivets, press the rule itself in till it rests 
on both rivet tops. An examination of the mark opposite 
end of slide t will at once show depth of "snaps." The 
reason the rule should be more than 4 inches long is that 
rivets in general girder work are "pitched" 4 inches 
centre to centre, and thus the rule will " bridge " or span 
them. 

Another little tool he will find of great service is a thing 
like sketch ; it may be called a rivet-hole gauge. Fig. 38 
shows one form of it, but it 
may be varied in the method 
of making it, as, for example, 
it might be made with a 
hinge or pivot in the centre, 
so as to fold up to half the 
length for greater conveni- T * 

ence in the pocket. It has a •^°' ^^• 

very important use. It is essential to the soundness of the 
work that aU. the adjoining parts, such as plate-edges and 
angle-irons, should butt close up, as tight as they can go. 
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and the inspector ougM to provide himself with a strip o£ 
thin crinoline steel with a smooth and level end, wherewith 
to test the plate joints. It is not much use, however, he- 
cause it can only be applied when the holes are drilled and 
aU ready for riveting, and even if he did get a joint so wide 
that he could get it in, he would find it difficult to induce 
or compel the contractor to remove the plate and put in a 
new one. Neither need it happen, as the rivet holes are 
4 inches pitch, and of coarse the joint of a pair of plates is 
midway between them. All that is needed to secure close 
joints is to mate sure the rivet hole centres are exactly 2 
inches from planed end of plate. The gauge shown at 
Fig. 38 has at one side two projections, a b, and from 
next side of b to centre of a is exactly 2 inches. These 
projections are marked or stamped -J inch to denote they 
are for rivets that size, but as the holes are, for all rivets 
above \ inch diameter, -iV inch larger than the rivets going 
Luto them, these projections are -H inch broad. Now as 
the centre of the hole must be just 2 inches from end of 
plate, and as the distance from the cewhre of one projection 
to the nearest side of the other is likewise 2 inches, it 
follows that if the gauge is applied to a plate end, one pro- 
jection just fitting into the hole and the other passing 
tightly over end of plate, that any two plates drilled thus, 
and having a cover plate at each side pierced with holes 
same size and 4 inch pitch, that the two plates must have 
their respective ends brought in close contact before the 
rivet holes will be all concentric. The projections at other 
side are 4 inches apart centre to centre, and can be used 
to gauge rivet holes in the bodies of the plates. 

He will be shown the plates and other iron delivered, 
and will do well to have a few of them turned over in order 
that he may examine them for flaws, cracks, or blisters, or 
other defects. If he gets some of the plates set up on 
edges, or better still, slung from one of the plate cranes, 
and strikes them with a hammer, he wiU, if at aU experi- 
enced as a man should be to hold such a position, know by 
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the ring if it be cracked or sound. As a matter of sound 
practice, however, he had hotter not do this very exactly or 
formally, because after aU he may be deceived, and might 
with very sharp contractors, or men who had very sore 
feelings against engineers, find it difficult to make them 
" turn out" a plate simply because it did not ring sound. 
On the other hand he might, by over formalLiy of exami- 
nation at this stage, run the risk of relieving the contractor 
of any further responsibility for the soundness of the plates, 
and above aU other things an inspector must most care- 
fully avoid two things : Krst, relieving a contractor of any 
measure of his just responsibility ; second, to carefully 
avoid giving unreasonable or capricious orders, or any that 
he cannot enforce. The first is extremely improper, and 
will most certainly and rightly get him into trouble with 
his chief. The second will bring him into contempt with 
every one, from the head of the firm down to the smallest 
boy in the yard. 

The whole efficient conduct of his duties depends on his 
ability to inspire and retain respect. Neither should he 
display a bombastic or overbearing manner. He should 
be simple and courteous, slow to find fault, willing to talk 
things "over a bit," but as firm as adamant on all occa- 
sions of importance. If tests are being made by his or his 
chief's consent in a machine of the contractor's own, and 
they are a well-reputed, respectable firm, possessing a 
machine by a well-known maker, there is no need for biTn 
to measure the centres of the levers or the diameter of 
the ram. The weights are stamped, the steel-yard is 
figured. In fact, testing machines are nothing more than 
elaborate weighing machines, and he ought to have no dif- 
ficulty in satisfying himself as to the integrity of the test 
strains applied. Few contractors have a testing machine 
of their own, but many can have the use of one, and where 
a good one is available its use saves much time. The 
author has had a good deal to do with contractors for iron- 
work, and though he has met some " sharp " hands, the 
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far greater number have been till their death, or those 
living, are as upright, honourable men as could be met with. 
In proof of this the author may cite one case where, de- 
siring to test some iron sent in during the course of the 
work, he was asked to test it in the yard machine. He 
assented, and having first taken steps to satisfy himself 
that the machine, which was an old one, was reliable, he 
tested the iron, which failed to come up to the standard. 
The millowner supplying the plates was communicated 
with and came, and the author allowed him to go and 
select plates himself, have test pieces cut and prepared, 
and when ready, to test for himself. This was done, and 
they were found wanting, and all that delivery therefore 
had to be rejected and taken back. Of course if the mill- 
owner had shown his tests to be good, the author would 
have sent samples away to some independent authority to 
settle the question, but as it was he convinced the con- 
tractor of the truth of his objection, and the millowner 
also, but this proved the honesty of intention of the con- 
tractor at all events, and, in the author's opinion, of the 
millowner also. 

To return to the cracks and blemishes matter. The 
plates have to go through so many handlings in working, 
drilling, and planing, &c., that long before going to the 
site any defects existing are sure to be discovered in time. 

The cross-girders are nearly always finished in the yard, 
riveted up complete; therefore the inspector must give 
particular attention to inform every one concerned, from the 
head of the firm on down through the manager, the foreman, 
leading man, and aU others, that they may put together, 
and service-bolt as much as they like, but no riveting 
must be done till he has seen the work first. It will not 
suffice to teU. one person or two persons, e/o&ry one eon- 
eemed must be told. Otherwise when he next comes he 
finds a lot of work riveted up, and he knows little of how 
the parts have gone together, and he cannot very well have 
it all cut to pieces again. The frequency of his visits must 
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depend a good deal on the state of the work. Sometimes 
he will need to be present nearly every day ; other times 
twice, or even once a week wiU suffice. He must, however, 
let the contractors know dearly that he is at their call at 
any time. This is very important, because contractors 
seldom hurry themselves, and if there is any " trouble " 
about the work not being finished up to time the contractor 
may, and often does, lay the responsibility on the shoulders 
of the inspector. This the latter, must carefully guard 
against. 

When the bolted up work is shown him he must examine 
it all over, especially the joints of the plates and the rivet- 
holes. The former ought to be close butt, the latter all 
truly concentric. This can be ascertained best by putting 
in the finger and feeling if all is even. If he is satisfied, 
he allows the work to be riveted up. But if the joints or 
holes are wrong he must call the attention of the ' ' ganger," 
or man immediately in charge. Perhaps the work has not 
been properly drawn into place, and the driving of a couple 
of barrel or parallel drifts will bring everything quite true. 
Of course, if the work is reaUy bad, all the faulty parts 
must be rejected ; but if the inspector knows his business 
well and attends to it, he will never, as the saying is, let 
things come to that pass. As has been already said, if all 
the preliminary steps have been correctly taken, the thing 
must come together right. The rivets for the work must 
be a proper fit to the holes, and the inspector must see that 
they are. Hole -iV larger than rivet is the general rule. 

Gfirders are now constantly riveted by a "Tweddle" or 
other riveting machine, and care must be taken that the 
pressure is not so gfreat closing the rivets as to bulge or 
split the angle iron or plate, which is the danger with aU 
riveting machines, unless they are fitted with a safety 
relief valve which keeps the pressure within certain limits. 

The rivets ought to be tested in the manner already de- 
scribed, but appended is a copy of the rivet clause of a 
specification : — 
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Bombay, Baeoda, aud Centbai Indian EArLVAY 
OoMPAirr. 
Spec^eation for Wrouffhi Iron Girder Bridges. 
DroAJoi/ng No. 2. 
The work required under this specification comprises the 
construction, supply, and delivery at one or more ports 
named in the tender, or in Bomhay, of the whole of the iron 
work for sixteen-plate girder spans of 15 feet in total 
length, together with aU nuts and bolts required to com- 
plete the erection of the work in India, with an addition 
of 10 per cent, for waste. Quality of the iron is to be 
such as will stand the following tests : — 

Contraction 
Tone. per cent. 
Boabd and square bars, and flat bars under S in, 

wide . . 24 .. 20 

Angle bars and T bars, and flat bars 5 in. wide 

and upward 22 , , 15 

Plates 21 ,. 10 

Plate across the grain 18 , . 5 

The rivet iron must be of such a quality that any rivet 
made from it will stand the following tests without show- 
ing signs of failure : — ^Bend double upon itself whilst cold ; 
bend double upon itseK whilst red hot ; the shank being 
nicked whilst cold and bent double, showing the fibre of 
the iron to be of good quality ; flattening down the head 
whilst red hot until its diameter is equal to 2^ times that 
of the shank without showing any signs of cracking at the 
edges ; punching through the shank when at a red heat, 
with a taper punch, a round hole the diameter of the 
rivet, without showing signs of cracking or splitting. 

It is the practice of some engineers to test each cross 
girder before it leaves the yard by supporting it on bear- 
ings at each end, and loading it either aU. over as " distri- 
buted load " or in the centre, and measuring the amount of 
deflection for a given load. But if the iron has been pre- 
viously tested the author sees no good purpose to serve in 
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the present day wheii such work is so thoroughly under- 
stood, that if design, materials, and workmanship are right 
the load test is not needed, unless, perhaps, for railway 
bridges, hut at all events not for road ones. 

Lastly, the inspector ought to keep a diary and record 
in it with some degree of accuracy all that has passed 
during his visit that day to the yard, and all the verbal 
orders he has given. He ought to keep this carefully 
written up. It might have to be produced in a court of 
law and he swear to it. Now if he lets days elapse between 
a visit and writing the record of it, how can he fairly swear 
he has correctly written down what passed ? It ought to 
be done that evening if possible, or at furthest next day. 

He ought to send a formal report once a fortnight to his 
chief, but he ought carefully to refrain from making petty 
complaints of the contractors or their staff. His chief has 
more important things to think of, and will not think any the 
better of his capacity for his duties if he shows he cannot 
carry on the work properly himseK. His chief may think, 
perhaps, he ought to take some notice. If he be the 
engineer to some public body he may have to read the 
letter to his committee, and they may get some fad that 
there is a screw loose somewhere ; letters are written to the 
contractors, and there is " trouble " all round ; then ever 
after that the iospeotor is regarded with distrust as a vexa- 
tious mischief-maker. The proper course of action if 
things are not going quite right is clearly shown in the 
greatest of all books — the Bible. In that it will be found, 
" If thou have a fault against a brother, tell him his fault 
between thee and him alone ; if he hear thee, thou hast 
saved thy brother ; but if he "hear thee not, tell it to him 
before one or two witnesses ; if he hear not them, tell it 
unto the church ; and if he hear not the church, let him be 
unto thee as an heathen man and a reprobate." 

In the same way, if the inspector sees work being badly 
done, let him caution the leading man in charge. If he 
attend, well and good ; if not the foreman must be told ; 
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if that fail, the manager ; if that fail, then the head of the 
firm must be informed ; he will put things right very soon ; 
but if he takes no action, and things go on badly, the in- 
spector must warn him that the thing must be formally 
reported at headquarters. No complaints ought ever to 
be made to a chief without a preliminary caution to the 
contractor, who will be thereby inspired with respect for 
the inspector. If little hitches or oversights occur or are 
discovered on the drawings, the inspector ought to quietly 
consult over them with the foreman or manager, and devise 
a remedy without " worrying " his chief about such things. 
He is paid for that as much as for anything else ; therefore, 
let him do it. 

Let him have his eye everywhere, his observation ever 
in action ; let him listen much and speak little. His visits 
ought not to be made at regular set times, but so much at 
random as to leave no room for previous preparation. Not, 
indeed, that there can be much in any case, if he have the 
work and the men well in hand. 

The author concludes with these words to inspectors : — 
"Prove aU things, hold fast to that which is good." 
"Let aU things be done decently and in order." 



CHAPTEE IX. 

ON KITETINO AND CAST IRON.* 

It is sometimes stated that, owing to the contraction of 
rivets in cooling, the plates are brought into such close 
contact that the friction between them is sufficient to with- 
stand the working strain without any shearing action 
coming upon the rivets. This is an important point, and 
one which has been often discussed ; it may be well, there- 
fore, to pass in review the various opinions on the question. 
Mr. Edwin Clarke, in his work on the " Britannia and 
Conway Tubular Bridges," makes the following observa- 
tions : — 

"The contraction of a wrought-iron rod in cooling is 
about equivalent to roo^offth of its length, for a decrease 
of temperature of 16° Eahr., and the strain thus induced 
is about one ton for every square inch of sectional area in 
the bar. Thus, if a rivet one inch in section were closed 
at a temperature of 900°, it would in cooling decrease in 
length xA^ths of its length, and it its elasticity and 
strength remained perfect would produce a tension of 
60 tons. The ultimate strength of rivet iron, however, 
being only 24 tons, the rivet would in cooling be perma- 
nentiy elongated, and would continue when cool to exert a 
tension of 24 tons, provided its elasticity remained unin- 
jured by the strain. Thus, if the rivets were not in con- 
tact with the plates, excepting at the head and tail, the 
plates would be held together by a pressure of 24 tons, 
and this friction would have to be overcome before the 
rivet came into action as a mere pin," 

In order to ascertain how far this theory holds in prac- 
tice, Mr. Clarke conducted some experiments, from which 
the following are taken : — 

* Prom " The Construction of Iron Girder Work," by Mr. Graham 
Smith. 
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Three f -iacli plates were riveted together with one rivet 
in a manner similar to a chain, the hole in the centre plate 
being oval a;nd consideraUy larger than the f -inch rivet ; 
a weight of 5"59 tons was attached to the centre plate 
before it slipped, which it did abruptly. 

The experiment was repeated with ^-inch washers placed 
on each side of the outer bars, so making the shank of the 
rivet 2| inches in length ; under these circumstances 4-47 
tons caused the plate to sUde. 

The rivet in the last case being assumed to be faulty, 
the same experiment was repeated, and the plates sustained 
7-94 tons before they slipped. 

" In the next experiment a J-inch rivet was inserted 
through two -jV plates, with large holes, with a -^ washer 
on each side next the rivet head. This combination sup- 
ported 4-73 tons before it gave way." 

After going fully into the matter, Mr. Clarke infers that 
the Britannia tubes would not- deflect more than they do at 
present, even supposing all the holes to be too large for the 
rivets. He also points out that rust must be entirely super- 
ficial, the close union of the plates preventing any internal 
oxidation. His remarks are concluded as follows : — 

" Thus also by judicious riveting the friction may in 
many cases be nearly sufficient to counterbalance the weak- 
enittg of the plate from the punching of the holes ; so 
that a riveted joint maybe nearly equal in strength to the 
solid plates united." 

Mr. Eairbaim, in his "Useful Information for Engi- 
neers," says: — 

" Erom these facts it is evident that the rivets cannot 
add to the strength of the plate, their object being to 
keep the two surfaces of the lap in contact, and being 
headed on both sides, the plates are brought into very dose 
union by the contraction or cooling of the rivets after they 
are closed. It may be said that the pressure or adhesion 
of the two surfaces of the plates would add to the strength. 
But this is not found to be the case to any great extent, 
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aa in almost every instance the experiments indicate the re- 
sistance to be in the ratio of their sectional area, or nearly so." 

More recently, Mr. E. J. Eeed, late chief constructor of 
the navy, has had some experiments carried out closely 
resembling shipbuilding work. They are here given as 
recorded in his valuable work on " Shipbuilding in Iron 
and Steel." 

" In this case three plates were united by what is known 
as a chain- joint ; that is, the ends of the two outer plates 
overlapped the end of the middle plate. The connection 
of the plates was made by three rivets passing through the 
lap, the rivet-holes in the outer plates being fiUed by the 
rivets ; but the bearing surface of the holes in the middle 
plate were slotted out. It will thus be obvious that when 
a tensile strain was brought upon the middle plate, the 
amount of the friction could be measured by the force just 
able to produce a sliding motion. The breadth of the lap 
was three diameters, the rivets were a diameter clear of 
the edges of the plates, and the pitch was four diameters. 
There were two sets of experiments made with iron plates 
and rivets, and in each set of two, experiments were made 
with rivets having heads ai;id points snap-headed ; two 
others with rivets having pan-heads and conical points; 
and the remaining two with rivets having countersunk 
heads and points. The experiments were made in dupli- 
cate, in order to reduce the chance of error. The first set 
of experiments was made with J-inch plates, 8J inches 
wide, the rivets being f-inch. The results were as fol- 
lows : — 



Deaoription of Eivet. 


Friction per Eivet. 


Ist 
Experiment. 


2nd 
Experiment. 


Mean. 


Snap-heads and points 
Pan-heads and conical points . 
Coiintersonk heads and points . 
Mean of the three . 


Tons. 

S-26 
4-S6 


Tons. 
4-21 
4-8i 
374 


Tons. 
4-67 
S-oo 

4-iS 
4'6i 
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The second set of experiments was made with, plates 
1 1 inches wide andf inch thick, the rivets used being 1 inch 
in diameter. The following results were obtained under 
the above-stated conditions of pitch of rivets, lap, &c. : — 



Desciription of Rivet. 


Friction per Eivet. 1 


1st 
Experiment. 


2nd 
Experiment. 


mean. 


Snap-heads and points 
Pan-heads and conical points . 
Conntersiinltr heads and points . 
Mean of the three . 


Tons. 
S-84 
6-87 

4-S6 


Tons. 
S-6I 
7-24 
4-09 


Tons. 
57 

7-0 



"In addition to these experiments with iron plates and 
rivets, two other sets of experiments were made with steel 
plates and rivets of exactly the same dimensions as l^ose 
used in the former experiments, the pitch of rivets, breadth 
of lap, &c., being in each case identical with those previ- 
ously given. With ^-inch plates and f-inch rivets, the 
results obtained were as follows : — 



Description of Bivet. 


Friction per Eivet. 


. 1st 
Experiment. 


2nd 
Experiment. 


lUean. 


Snap-heads and points . 
Pan-heads and conical points . 
Countersunk heads and points . 
Mean of the three . 


Tons. 
386 

479 
363 


Tons. 
4-09 
479 
3 43 


Tons. 
3-98 
479 
3-53 
4-1 



"With f-inch plates and 1-inch rivets, the following 
results were obtained : — 



Description of Eivet. 


Friction per Bivet. 


1st 
Experiment. 


2nd 
Experiment. 


Mean. 


Snap-heads and points 
Pan-heads and conical points . 
Countersunk heads and points . 
Mean of the three . 


Tons. 
6-43 
5-49 
S-I4 


Tons. 

S-49 

none made 

4-91 


Tons, 
5-96 
S-49 
502 

S-49 
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• ' It thus appears that rivets with pan-heads and conical 
points have the advantage over hoth the other descriptions 
of riveting. The only exception to this is found in the 
second set of experiments with steel plates and rivets ; but 
as only one experiment was made the result cannot be 
relied on. It also becomes evident that countersunk 
riveting causes much less friction than the other systems. 
On comparison it wiU be seen that in nearly all cases steel 
plates and rivets give less friction than iron, the only 
exception being the cases of rivets with snap-heads and 
points, and thoge with countersunk heads and poiats, in 
the second set of experiments. The former of these excep- 
tions is scarcely worth notice, as the difference is so small. 
The use of larger rivets with the same pitch, &c., gives an 
increase in the friction, but no law of increase appears to 
be conformed to. 

"Although these experiments do not give any definite 
idea of the probable amount of friction which would result 
from the use of rivets having different diameters and pitch, 
they yet serve to show how much the strength of a riveted 
joiat is increased by the contraction of the rivets." 

Mr. Heed, at a more advanced stage of his investigation 
on this point, says : — 

"It would consequently be improper to arrange the 
fastenings of a wrought-iron structure on the assumption 
that the shearing strengths of the rivets (determined by 
experiments on rivet bars) and the friction of the surfaces 
might be treated as acting conjointly but independently. 
In the investigations on riveted work which are given in 
this chapter we shall, therefore, assume that friction is 
included in the values which are employed for the shearing 
strength of the rivets." 

Mr. Eeed considers that his views as here expressed 
agree with those of Mr. Fairbaim before given. StiU the 
author* thinks that there is some disparity in the views held 
by the eminent authorities named. If this were not so, he 
would certainly hesitate to express the opinion that, unless 
• Mr. Graham Smith. 
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in very superior work, rules in regard to the friction be- 
tween tte plates deduced from experiments, wiU prove very 
fallacious in practice. Rivets frequently not only do 
not fin the holes, hut they are in addition sometimes posi- 
tively loose. Under any circumstances it may safely be 
assumed that there are few rivets in any work which exert 
a holding-together strain of 24 tons per square inch. Even 
should such he the case on the completion of the construc- 
tion of the work, it would not be of long duration. A 
very smaU additional strain will cause iron to considerably 
elongate, when previously under a strain nearly approach- 
ing its breaking point ; and the smallest possible additional 
set will be sufficient to do away with any advantages to be 
obtained by the contraction of a rivet in cooling. Although 
it is not here the intention to imply that the frictional 
resistance of the plates will not add a certain amount of 
strength to a joint, stiU the author is of opinion that with 
vibration any additional strength caused by this resistance 
will be destroyed, and that therefore the old rule should 
be adhered to of making the shearing area of the rivets on 
one side of the butt equal to the effective area of the plates 
in tension. The shearing strength of a rivet not being 
equal to the bar from which it is made, a few rivets over 
and above the number thus deduced will in the author's 
opinion neither do any harm nor add greatly to the cost of 
the structure.* 

While on this question it may be well to touch briefly 
upon the kindred subject of cast iron. The proper design 
and relative proportions of the flanges of an ordinary cast- 
iron girder have been repeatedly subject to experimental 
investigation. The results obtained are so familiar to 
every engineering student, being given in full in most 
engineering works of a compendium nature, that it will 
here suffice to remark that opinions differ as to the relative 
areas of the top and bottom flanges. There are, neverthe- 
less, only a few engineers and scientific men who will 
argue that the area of the top flange need be greater than 
■ I agree with Mr. Smith.. — H. W. Pendrbd. 
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one-fourth of that of tlie bottom flange, and as this is the 
proportion employed in many large works recently con- 
structed by our leading engineers, the author feels that he 
will not err if he advocate the adoption of this ratio in 
future practice. Haying arrived at the relative areas of 
the flanges, the next question is to decide upon the proper 
area of the bottom flange. With a dead load cast iron may 
be subjected in actual working to a tensile strain of 1^ tons 
per square inch, but with a live load it is advisable not to 
exceed a calculated strain of IJ tons per square inch.. The 
strain on the flanges having been calculated, they may now 
be designed, and so formed as to suit themselves to outside 
considerations as well as exigencies of a practical nature. 
In designing the top flange, with a view of adding to its 
lateral stiffness, it should be made as wide as the amount 
of metal in it will allow, of course bearing in mind that a cer- 
tain minimum thickness is required for foundry operations, 
Wbere the girders support jack arches and are concreted 
over the top, or in fact in any position in which lateral 
movement of the girder is impossible, width of flange is not 
so necessary. [When dealing with a girder continuous 
over its supports, the top flange will be in tension over 
these points, and consequently matters in this ease will be 
entirely reversed.] The web now alone remains to be con- 
sidered. Its dimensions are governed entirely by consi- 
derations of a purely practical nature. If only made of 
sufficient thickness to resist the strains brought upon it, 
it could not be cast owing to the small proportion which its 
mass would bear to that of the flanges. If the thickness 
of the web at the top be made the same as that of the top 
flange, and gradually increased downwards to about the 
same thickness as the bottom flange, and the remarks which 
have been previously made regarding the area and design 
of the flanges be borne in mind, the resulting section will, 
in the author's opinion, meet constructional requirements 
and the wishes of the ironf ounder. 

It is at once evident that before an engineer is qualifled 
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to design cast-iron work, lie should to some extent be 
familiar with the details of hoth pattern-making and 
moulding. Without such qualifications he is apt to make 
his eastings expensive, and the author has even seen 
designs sent out which defied the skUl of an ordinary fore- 
man moulder simply through the man who made them not 
knowing how " boxes" and " cores" are manipulated. It 
should also be remembered that small masses of iron cool 
more quickly than large masses, and that therefore por- 
tions of small dimensions will consolidate while the adjacent 
portions of larger dimensions remain in a fluid state. This 
irregularity in cooling will produce initial strains on the 
iron which may distort or even cause the destruction of the 
casting. Care should, therefore, be taken both in making 
the designs and in making the castings in the foundry to 
insure the iron cooling as evenly as possible. Unless in 
the case of absolute fracture or much distortion, initial 
strains give no visible sign of their existence, and. are, 
therefore, all the more dangerous. 

When referring to the tensile strains to be imposed per 
square inch of section, it was of course inferred that proper 
precautions would be taken to secure a good ordinary quality 
of iron. For structural purposes the iron should be melted 
at least twice; that is, the castings should not be run direct 
from the blast furnace. Various mixtures of iron produce 
different results, and the remark made in the paper that 
it is not wise to restrict the ironmaster in his process of 
manuf atturing wrought iron, also applies in this instance. 
It is better to specify that the iron shaU stand certain tests, 
and allow him to make what mixtures and proceed in any 
way he may think proper, provided he make the desired 
quality of iron. One or two bars 3 feet 6 inches by 2 inches 
by 1 inch should be run each day with the castings, that is, 
they should form part of one of the actual castings and be 
detached after the casting is cool. With good ordinary 
iron such as should be used in construction, a bar of the 
above dimensions when placed on edge on 3-feet bearin;jfs, 
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should stand 28 cwt. to 30 cwt. applied at the centre, and 
give a deflection of at least -^g of an inch before breaking. 
Large castings will not he equal in quality to the test bar 
cast with them on account of the thickness of the various 
portions. For this reason it is advisable in addition to 
breaking the test bar to apply a proof load to aU large 
castings designed to resist heavy strains. 

The cast iron of the sleepers for the Great Indian Penin- 
sular Railway had to undergo tests very similar to this. In 
addition the sleepers had to stand a weight of 3|- cwt. fall- 
ing a height of 5 feet 6 inches, having previously been 
subjected to blows from this weight falling 2 feet, 2 feet 
6 inches, 3 feet, &c., up to 5 feet 6 inches, being at the 
time of testing on sand not more than 24 inches deep. The 
average height required to break the sleepers was 7 feet 
9 inches. The cast iron was also to stand a tensile strain of 
1 1^ tons per square inch, and the average was 13-07 tons. 

This is undoubtedly a higher strain than most cast u-on 
used in construction in this country wUlbe found to stand; 
still by proper treatment, care, and an expenditure of 
money it may be much exceeded. The careful experi- 
ments carried out by the United States Government, and 
recorded by Major Wade, of their Ordnance Board, in a 
volume entitled " Reports of Experiments on the Strength 
and other Properties of Metal for Cannon, &c.," give the 
maximum tensile strain obtained with cannon iron at 
20'5 tons per square inch; and the mean of samples cut 
from one hundred guns was 14-9 tons. These high results 
are obtained by remelting the iron, sometimes three or 
four times, and keeping it at each melting in a state of 
fusion for from one to four hours. As an instance of what 
may be effected in this way, samples cut from twenty- 
seven gims sustained a tensile strain of 15*75 tons per 
square inch; whilst the crude pig-iron from which these 
guns were cast only stood at 5'66 tons per square inch. 
More detailed information concerning these experiments 
may be foimd in a paper on " Am.eriean Iron Bridges" 
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read by Mr. Zerah Colbom at the Institution of Civil Engi- 
neers, May 5, 1863. In the discussion wHcli ensued on 
tliat paper, Mr. BramweH gave some interesting particulars 
of similar experiments. 

" He (Mr. Bramwell) exHbited two samples of Acadian 
cold blast iron, the produce of Nova Scotia, which had 
been broken in his presence by the proving machine at 
Woolwich Arsenal. Being No. 1 iron, a mixture of scrap 
was required before strength could be obtained. But as 
the experiments were made to test the quality of this indi- 
vidual iron, it would have rendered those experiments 
nugatory had scrap from any other source been mixed with 
the iron. The only way of proceeding that occurred to him 
was to melt some of the iron into pigs to make scrap for the 
second melting, reservLag trial bars of the first melting. 
The order of the experiments was as follows : — ^The iron 
was put into an air furnace, and as soon as it was fused 
eight sample bars were east. These bore an average tensile 
strain of 7^ tons per square inch of section. The iron was 
kept in fusion, and, two hours after, eight other bars were 
cast. These did not break until a strain of 8 tons 6 cwt. 
was attained, being nearly one ton more per square inch 
than the strain which broke the first lot of bars. After a 
further interval of one hour and three-quarters, eight other 
bars were cast, which broke with a strain of 10'8 tons ; so 
that by keeping the metal in fusion for three hours and 
three-quarters, the tensile strength was increased from 
7 tons 10 cwt. to 10-8 tons, or about 50 per cent. The iron 
was then poured out and pigs were cast from it. On the 
next occasion the furnace was charged with half of the 
fresh No. 1 iron, and half of the pig-iron from the pro- 
longed fusion. The result was that the bars cast immedi- 
ately upon melting required for their fracture a tensile 
strain of 11 tons. 

Bars which were cast after four hours' fusion stood an 
average tensile strain of 18-5 tons, and the maximum of 
these samples stood as much as 19-6 tons. 



OHAPTEE X. 

MK. GRAHAM SMITH ON "AMERICAN PRACTICB." 

It is no uncommon circumstance to find American engi- 
neers speaking and writing of putting up spans of 150 feet to 
250 feet in from two to four days. According to Mr. Lovett, 
chief engineer to the Ohio and Mississippi Eailway, the 
last span of the Medora Bridge built for that company over 
White Eiver, and measuring 147 feet 6 inches between 
centre and centre of end pins, was erected by four foremen 
and thirty-seven men in one day. In England a few weeks 
more or less for the erection of a bridge is not generally 
a matter of great moment, but for foreign work speed is 
often of paramount importance, as streams which can be 
walked across dry-shod one day are in the space of twenty- 
four hours converted into roaring torrents capable of wash- 
ing away both the temporary staging and the girders in 
course of erection upon it. Another advantage of speed in 
construction in foreign counti-ies is the fact that the new 
road is often the only means of communication with its own 
more advanced portions, and until a certain bridge be con- 
structed it may be difficult to convey materials for the ad- 
vancement of distant works. There is a further considera- 
tion which may even make it desirable to introduce this class 
of bridge into England, namely, that nearly the whole of the 
work in the construction is performed by machines, and the 
erection may be carried on by unskilled labour directed by 
competent foremen. These are matters worthy of some 
attention in these days of strikes and inconsiderate and 
arbitrary restrictions imposed upon labour by various 
Unions. Eor instance, the day's work of a boilermaker 
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allowed by the Boilermakers' Club can be put in by twelve 
or one o'clock by a good average man working piece-work. 
This of course much enhances the value of riveted work, 
and it therefore behoves engineers to reduce as much as 
they consistently can the number of rivets in their bridge 
designs. 

Touching upon the question of the comparative cost of 
the two systems, under normal conditions it maybe roughly 
said that there is little or no economy in using pins in 
spans of less than 130 or 140 feet, as although the bridge 
may possibly be of less weight the price of the iron- 
work per ton is enhanced. It is often 'better when dealing 
with heavy moving loads accompanied by a greater or less 
amount of vibration to reduce the workmanship and in- 
crease the weight of the bridge in order to lessen the dis- 
parity in the weight of the structure and that of the moving 
load coming upon it. In such cases, as for instance a short 
span railway bridge subject to the traflB.c of heavy engines, 
riveted work may be employed with advantage. However, 
in bridges of, say, spans over 200 feet, in which the weight of 
the structure bears a large proportion to that of the moving 
load, it will no doubt be foimd advisable ultimately on the 
score of economy and policy to follow somewhat more in 
the track of our American brothers, more especially when 
a large number of similar spans are required. 

The following tables, numbered I., II., and III., have 
been abstracted from a paper read at the fourth annual con- 
vention of the American Society of Civil Engineers, held at 
Chicago, June 5th and 6th, 1872, by Messrs. John Gfriffin 
and Thomas 0. Clarke, of the Phcenixville Bridge "Works, 
Philadelphia. These statistics of American bridge con- 
struction cannot fail to be of interest, representing as they 
do the practice of a large transatlantic bridge firm. 
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TABLE No. I. 



Actual Weights of Aubbioait Ekoines and Boluno Stock. 



Description, 



'I 

a 



!?-g 



>B g tag 






■53^ F o 









Class No. L "Pushbes." 



Beading Bailway Tank, all 



Beading Bajlvay Tank, 
with tender 



FennsylTapia Bailway, 
vith tender 



Baltimore and Ohio Bail- 
way, with tender. 



Fairlie, donble-ender.. 



None. 



None. 



19ft. 7in. 
82,200 



15ft. Sin. 
80,000 



22ft. oin. 
84,000 



12ft. 6in. 
60,480 



8ft oin. 



5.204 
S,268 
3.636 
6,720 
7.360 



36ft. oin. 
132,200 



54ft. lin, 
140,000 



54ft. oin. 
128,000 



53ft. oin. 
120,900 
52ffc. oin. 



Class No. II. Heaty Coal ahd Fbeioht. 



Chicago, Burlington, and 
Qnincy, freight. 



Beading standard ooal . 



Fenneylvania, standard 
freight 



Delaware, Lackawanna, 
and Wihnington, stan- 
dard freight 



New York Central, special 
freight 



Erie broad gange, special 
freight 



72,000 



12ft. oin. 
S3.000 



gft.6in. 
S4.SOO 



i2fl;. sin. 
71.500 



12ft. 5in. 
65,000 



ijft. 6in. 
72,156 



14ft, 6111. 



6,000 
5.578 
4.360 
5.948 
1.193 
4.976 



53ft. 6in. 
122,128 



soft. 3in. 
129,900 



S4fl. oin. 
138,900 



S4ft. oin. 
120,000 



4Sft. oin. 
137.444 



S4ft. oin. 



io8 
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4H , . 
















ors .0 
















j= 3 £,*! 


















Weight 


in lbs. for difFerent claesas of trainB on varioTis spans. 








Per foot run of span. 




















nl^l 






•;; 


^ 


-S" 


•5^ 


3-2 




■s 




If 


is 


i\ 


tf 


M 




a 


< 


5." 


ll 


ao 


If 


i 

■s 


4H 
O 


1 


•ii 


S^ 


ll 




I 




'% 


% 


II 


II 


w 


Feet. 
















Under 12 


5,000 






... 


... 


... 


500 


12 to 17 


4,000 






... 


... 




550 


17*0 25 


3.500 






... 


... 


... 


625 


25 to 83 


3,000 








... 




750 


83 to 100 


2,500 












870 


110 




2,430 


2,094 


2,405 


1,870 


liiSi 


1,000 


125 


... 


2.365 


2,067 


2,262 


1,809 


1,418 


1,135 


150 


... 


2,275 


2,026 


2,111 


1,740 


1,340 


1.225 


175 


... 


Z,2C0 


2,000 


2,065 


1,710 


1,28s 


1,300 


200 


... 


2,130 


1,974 


1,922 


1,665 


1,244 


1,500 


225 


... 


2,100 


1,950 


1,864 


1,631 


1,211 


1,700 


250 


... 


2,068 


1,943 


1,809 


1,603 


1,186 


z,ooo 


300 




2,026 


1,922 


1,733 


1.562 


1,147 


2,400 


350 




2,000 


1,907 


1,679 


1,532 


1,120 


3,000 


40Q 




2,000 


1,895 


1,638 


i,Sio 


1,100 


4,000 



Particulars of iron bridges actually constructed by Messrs. 
Clarke, Heave & Co. All these bridges have cross floor beams 
of iron. Tbe longitudinal track stringers are of wood, unless 
otherwise mentioned. The general loads assumed for calcu- 
lation are the weight of iron in column 9, plus the rolling 
load in column 7, and weight of track assumed at 400 lbs. 
per lineal foot. Iron in tension strained to 10,000 lbs. per 
square inch except in floor beam hangers, when it is strained 
to 7,500 lbs. per square inch. In compression "Phoenix" 
columns, upper chords of 12 to 15 diameters from 8 to 10,000 
lbs. per square inch ; 20 to 40 diameters 4 to 6,000 lbs. per 
square inch. These bridges are designed with leaning end 
posts unless otherwise described, and are aU with two trusses. 
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1 


S 


3 


4 


5 


6 


7 1 8 


9 


10 


^. 






A 






Rolling 


i§ 




1 




t 


1 







Loadlbs. 
per lin. 






.1 


Where and for whom. 


1 




.a 




foot. 


.§■3 
■a.a 

u 


Remarks. 


i 




8m 










ft. in. 


ft. 










1875 


Ottawa Elver, Montreal") 
and Ottawa Railway .J 


D 




,so 


10 


4000 


4000 


394 


f Upn'ght end 


1875 


San Panic & Eio Janeiro, ) 
Brazil . . . .i 


T 




65 6 


IS 


3000 


4500 


fio3 




1872 


Hndson River, Albany) 
N. T. Central . . j 


T 




70 


29 


6000 


6000 


1420 


Iron track 
sti-ingers & 
side walks 

(■Upright end 

\ posts 


1870 


Baileyville, Boston and) 
N.Y. Air Line . .J 


D 




79 


10 


4000 


4000 


784 


1872 


Little Wabash, Ohio and ) 
Mississippi Railway . 1 




















T 




92 


16 


3000 


3600 


672 




1872 


Greenbiiar, Chesapeake { 
and Ohio B,ailway . ) 


D 




100 


ID 


2500 


3600 


637 


f Upright end 
\ posts 


1875 


New Orleans and Mobile ) 




















Railwav . . .1 


T 




104 


15 


2500 


4000 


622 




i875|Ticomo, Staine Central '. 


T 




III 


i6 


2500 


4000 


65s 




1872 


ureenbnar, Chesapeake) 
and Ohio Railway .1 


D 




120 


10 


2500 


3500 


714 


(Upright end 


1874 


LennoxviUe, Grand) 
Trunk Railway . .i 








l6 












T 




118 


2300 


4000 


740 


„ » 


1874 


Biddeford, Eastern of) 
Massachusetts . .J 




















T 




130 


16 


2300 


4000 


726 




1873 


Little Androscoggin,) 
Grand Trunk . .J 


D 




13s 


II 


2300 


4000 


770 




1875 


Norwich Falls, Norwich) 
and Worcester . .J 


m 






16 








/ Iron track 
1. stringers 




T 




I4S 


3000 


4000 


gio 


1869 


La SaUe, Illinois Central . 


D 




154 


12 


2500 


3SOO 


862 




1875 


Lewiston, Maine Central . 


Va 




161 


16 


2300 


4000 


954 


fUpright end 
X posts 
CIron track 
t stringers 


1872 


Hudson River, Albany) 
N. T. Central ". J 


T 




177 


28 


6000 


6000 


2583 


1872 


Medora, Ohio & Mississippi 


T 




160 


16 


2300 


3600 


810 




1874 


Tioonic, Maine Central . 


T 




170 


16 


2300 


4000 


836 




1872 


Scottville, OhloandMis-) 
sissippx . . .J 


T 




172 


16 


2300 


3600 


873 




1875 


Thamesville, G. W. of) 
Canada . . ,i 


T 




180 


29 


4300 


8000 


1940 


rlron track 
t stringers 


1874 


Ristigouche, Tutercolo- ( 
nial of Canada . .{ 


T 




200 


18 


2800 


3600 


1 140 


»> M 


1874 


Miramachi, Intercolonial I 
of Canada . . .1 


T 




200 


18 


2800 


3600 


1105 


>f » 


1874 


Waterville, Maine Centi-al. 


T 




200 


16 


2500 


4000 


1076 




187s 


Ottawa River, Montreal) 




















and Ottawa . . ./ 


T 




200 


16 


2500 


4000 


1085 




1872 


New River, Chesapeake) 
and Ohio . . .3 


T 




250 


16 


2000 


3500 


128s 




187s 


Susiuehanna River. P.) 


T 














( Iron track 


•W.andB. . .' J 




251 


16 


2240 


3500 


1421 


( stringers 


1876 Snscroehaima Hiver, P. 1 
W.andB. . .1 


T 




307 


16 


2240 


3500 


1895 


tl » 


1870 Cheater Creek, P. W. & B 


T 




150 


26 


2300 


3500 


1320 




1875 Ottawa River, Montreal) 
and Ottawa . . J 


T 




150 


16 


2300 


4000 


836 





HO IRON BRIDGE CONS'l RUCTION. 

The American, system of sending out a speoiflcation of 
requirements and leaving each, contractor to work out his 
own design, whilst having some disadvantages, undoubt- 
edly tends to develop the talent and skUl of engineers and 
contractors to a greater extent than our home system of 
allowing the engineer to make a design and invite tenders 
for its construction. The working of the former system 
entirely depends upon the plans being examined by a com- 
petent engineer and the board or directoie accepting im- 
plicitly his decision without for one moment entertaining 
the question of accepting the lowest tender. English prac- 
tice is too apt to seduce an engineer into erring in making 
the bridge strong enough irrespective of weight or cost. 
The following specification sent out in 1877, whilst contain- 
ing much information, clearly indicates the manner of pro- 
cedure across the Atlantic : — 

GENERAL SPECIFICATIONS EOR RAILWAY AND HIGHWAT BRIDGE 
COMBINED, TO BE ERECTED FOR THE CHICAGO, MILWAmKEE, 
AND ST. PAUL RAILWAY COMPANY, OVER THE WISCONSIN 
RIVER AT KILBOURN CITY, WISCONSIN. 

The entire superstructure wUl be of iron, including floor- 
beams and track-stringers. Cast iron will not be used, 
except for minor details. The railway company wiU fur- 
nish and place in the work the cross-ties, guard timbers, 
and rails for the railway, and the planking, floor- joist, and 
hand-rail for the highway, and furnish to the party erect- 
ing the structure timber and lumber necessary for the 
false work. Commencing near the east bank of the river 
and extending westerly, in the order named, the following 
spans wiU be required: One span of 53 feet, measured from 
the centre of its east-end pin to the centre of the east-end 
' pin of the next span. This wiU be a deck bridge for the 
purpose of carrying the railway track over the approach 
of the highway. One span of 247 feet from centre to centre 
of end pins. One span, the centre of the west-end pin of 
which is 98 feet west of the centre of the west-end pin of the 
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247feet span before mentioned. The 247 feet span will carry 
the railway track on deck, and on iron floor-beams sus- 
pended from the pins of the lower chord wUl rest the floor- 
joists and planking for the highway, and said joists and 
planking for highway will be continued on the same level and 
supported for a distance of 63 feet under the 98 feet span 
by iron floor-beams suspended from the lower pins of said 
span, or from an independent truss. No side-walk will be 
required, but the clear width between posts of the trusses 
of the 247 feet span, and also the suspension rods of the 
98 feet span, if so constructed, must beat least 16 feet, and 
the clear height must be at least 14 J feet between any upper 
member and the top of suspended floor-beams for highway. 
The floor-beams for highway.may be placed at such distance 
below railway track as wUl permit the beam to pass either 
under or over and close to the lower chord of the long 
span of the present structure, plan of which is herewith 
annexed. The clear width between the trusses of the 53 feet 
span shall be the same as that between the trusses of the 
247 feet span. The gauge of the railway is 4 feet 8^ inches. 

Quality of Iron. — The iron subject to tensile strain shall 
be tough, ductile, and of uniform quality, capable of sus- 
taining not less than 50,000 lbs. per square inch of sec- 
tional area when tested in large or long lengths, to have 
an elastic limit of not less than 26,000 lbs. per square inch ; 
the reduction of breaking area shall average 25 per cent., 
and the elongation of the bar before rupture to be at least 
15 per cent., and when cold a round bar 1^ inch diameter 
must bend through 180° without sign of fracture. The 
iron subject to compressive strain must be tough, fibrous, 
uniform in quality, and have an elastic limit of not less 
than 25,000 lbs. per square inch. Oast iron (used only in 
minor details) shall be of the very best quality. The pins 
and aU parts subject to shearing or bending strains shall 
be of the best quality of wrought iron. 

Weight of Structure and Moving Load. — In determiaing 
the total weight of the structure for the purpose of calcu- 
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lating strains, there sliall be added to tlie total weiglit ol 
iron in. tlie several spans 350 lbs. pter foot of bridge for 
weight of rails, splices, spike, cross-ties and guard timbers 
above and exclusive of floor-beams and stringers for upper 
floor, and 550 lbs. per foot of bridge for -weight of plank- 
ing, floor- joists and hand-rail on .the portion of bridge 
sustaining highway from lower chord pins. The first- 
mentioned span of 53 feet over approach of the highway 
will carry a single track railway above upper chord, and in 
calculating chord strains add to the dead weight 360 lbs. 
per foot for weight of track, &c., and use a uniform moving 
load of 4,000 lbs. per foot of bridge. For post and tie- 
straras, use the above dead weight, weight of track, &e., 
and the same moving load headed by a weight of 
72,000 lbs. on a distance of 12 feet, and not produce strains 
in any of its members exceeding the maximum hereinafter 
mentioned. The 98 feet span wiU carry a railway track above 
upper chord, and in calculating chord strains, add to the dead 
weight the weight of track, &c., 350 lbs. per foot of bridge, 
and use a uniform moving load of 3,500 lbs. per foot, then 
add 8 per cent, to the strains thus derived for end panels, 
6 per cent, for second panel, and use normal strains on and 
from the third panel from the ends on top chord and its 
corresponding lower panels, and for post and tie-strains 
use the above static weights and a uniform moving load of 
3,500 lbs. per foot, headed by a load of 72,000 lbs. on 12 feet, 
and not produce strains in any of its members exceeding 
the maximum hereinafter mentioned. In case any portion 
of the highway roadway is suspended from the lower pins 
of this span, its dead weight, weight of floor and a uniform 
moving load of 50 lbs. per square foot of roadway surface 
must be considered in calculating strains. In case the 
63 feet of roadway for highway purposes, under the 98 feet 
span, is supported by an independent truss, it shall be pro- 
portioned to sustain, besides its weight and 550 lbs. per 
foot of floor, a uniform moving load of 50 lbs. per square 
foot of roadway surface, in accordance with the require- 
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ments hereinafter mentioned. The 247 feet span will he 
proportioned as follows : — For chord strains use a uniform 
moving load of 3,100 lbs. per foot, in addition to the dead 
weight of structure and floors, then add 8 per cent, to the 
strains thus derived for end panels, 6 per cent, for second 
and third panels, and use normal strains on and from the 
fourth panel from the ends to top chord and its correspond- 
ing lower panels. For determining strains in posts and 
ties, add 700 lbs. per foot to the static or dead weight and 



SQUABE COLUMN 



PHCENIX COLUMN. 




weight of floors, and for rolling load use 2,400 lbs. per foot, 
headed by a weight of 72,000 lbs. on 12 feet. 

Tensile Strains.— The iron work to be so proportioned in 
each span that the maximum strains produced by the dead 
weight and floors, together with loads specifled, shall in no 
instance cause a greater strain in tension than 10, 000 lbs. 
per square inch upon the bottom chord and main ties, ex- 
cept the middle main ties, which as well as all counter ties 
and suspension rods, shall not be strained to exceed 
8,000 lbs. per square inch. Floor-beam suspenders and all 
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other members liable to receive sudden shocks in tension, 
shall not be strained to exceed 4,000 lbs. per square inch. 
Crippling Strains. — The ultimate crippling strength in 
' lbs. per square inch of section of the several forms of posts, 
struts, and chords will be determined by the following 
formulse, in which formulae H equals the length between 
the end bearings in terms of the least diameter : — 



Flat ends 

One pin end . . . 
Two pin ends . . 


Square col. 
38.500 


Phoenix col. 
42,500 


American col. 
36,500 


Common col. 
36,500 

2700 
36,500 


-^ ' 6920 
38,500 


-^ 4600 
40,000 


1+ H 

3760 
36,500 
■^ 2260 

36,500 


S.0 

37,800 

-^ 1900 


-*- ' 2260 
36,600 


1 . H» 

-^^1600 
36,500 


1500 


1760 


•^ ' 1200 



The pin being so placed that the moment of inertia is, as 
near as practicable, equal on both sides of same. Use 
formulae for common column. The maximum strain per- 
mitted in any compressive member will be the quotient 
resulting from dividing the ultimate strength, as deter- 
mined by the above formulae, by a coefficient of safety, 

equal to 4 -f _?Ji: " H," as before, being the measure of 

length in. terms of least diameter. 

Pins. — The shearing strain on any pin must not exceed 
7,000 lbs. per square inch of its sectional area. The strain on 
extreme fibres caused by bending must not exceed 1 5, 000 lbs. 
per square inch, and in determining this bending strain, 
the leverage distance shall be considered as from centre of 
eyebar to centre of bearing or of opposite eyebar. No pin 
shall have a less diameter than two-thirds of the widest 
eyebar coming upon it. The bearing surface of any pin on 
chord, tie, or post shall not be exposed to a greater strain 
than 10,000 lbs. mean pressure on the semi-extrados. Pins 
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must be turned to size and straight, no error of more than 
■sV of an inch in diameter being allowed. 

JEyebars. — Pinholes in eyebars shall be bored to exact 
sizes and distances, and to a true perpendicular to the line 
of strain. No error in length of bar or diameter of pinhole 
exceeding e\- of an inch will be allowed. The section of 
metal in the eye opposite the centre of the pinhole and 
perpendicular to the line of strain, shall be proportioned 
according to the following table, the diameter of the bar 
being the unit : — 



Pin. 
I 00 
1-25 

1-33 
i-So 
1-75 

2-00 



HTTEKAUHO FORGED EYES ON 
WELDLESS EARS. 

Bar. Eye-section. 

... lO I-50 

i-o i-6o 

... i-o 1-70 

.... I-o 1-85 

... 10 2.00 

,. .. I-o 2-20 



HAMMERED EYES WELDED TO 



Pin. 
0-7S 



Bar. 
.... 10. 

I-OO I-O . 

1-25 I-o . 

1-50 I.O . 

1-76 I-o . 

200 I-O . 



Eye-section. 

...■ 1-33 
... i-so 

I'So 

1-67 

1-67 

1-75 



No eye on a weldless bar shall have a metal section less 
than 1 J times the area of bar, and for hammered eyes the 
least eye-section shall be 11 the section of the bar. A 
drawing of the standard shape of the eye proposed to be 
used must be filed with each proposal. 

Riveted Work. — In riveted work all joints shall be square 
and truly dressed. Eivet holes shall be accurately spaced, 
and the rivets must be of the best of quality of iron for the 
purpose, and completely fill the holes. In all posts and 
chords the connecting rivets within two diameters of the 
ends shall be equal to the sectional area of the joined 
pieces, and in posts and elsewhere in all riveted work the 
rivets shall not be spaced to exceed sixteen (16) times the 
thickness of the thinnest plate joined by them,, and the 
distance between rivet supports across the plate shall not 
exceed thirty (30) times the thickness of the plate, and no 
closed section shall have members of less thickness than 
^ of an inch. The parts composing the posts and struts 
must be of entire lengths without splicing between end 
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bearings. All workmansliip must be first-class ; abutting 
joints must be truly planed or dressed so as to secure a 
perfect bearing, and the pinholes in chords and posts shall 
be bored as truly as is specified for the eyebars. All closed 
work, such as posts, struts, chords, &c., must have two (2) 
coats of approved metallic paint and boiled oil on the en- 
closed surface, and one coat on the exterior surface, before 
leaving the shop. All turned and faced parts to receive a 
coat of tallow mixed with white lead before shipment. 

Wini Strains shall be calculated" at 30 lbs. per square 
foot on twice the surface of the truss, plus ten (10) square 
feet per foot of -bridge for car-service, and the resulting 
strains therefrom shall be resisted by lateral and vertical 
rods proportioned to 16,000 lbs. per square inch in tension, 
and lateral struts proportioned to a factor of safety of four 
(4). Shearing and bending strains at the lateral connec- 
tions shall be calculated with the same precision as the 
main strains, and shall be resisted by members propor- 
tioned so that the maximum shearing strain shall not 
exceed 10,000 lbs. per square inch, and the maximum flex- 
ture or bending strain shall not exceed 22,500 lbs. per 
square inch. 

Floor Beams and Traeh-stringers. — The railway floor-beams 
shall be proportioned for the concentration of weight occa- 
sioned by the following engine resting with middle driver 
over the floor-beam in question : — 



LOOOMOTITE ENGINE. 



Q O \.JV \ J\JJ\Q OOP 



rl I ll 51 Si ?l §1 



J 

'I I «i It §i 'i I 



i' Si S! li li I! ii 



To this live load there shall be added 25 per cent, for mo- 
mentum and the dead weight of the floor and stringers, 
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and the resulting strains therefrom shall not exceed 
8,000 lbs. per square inch in compression or 10,000 lbs. 
per square inch in tension. The stringers immediately 
under the rails shall be proportioned to carry the abt)ve 
described engine weight plus 30 per cent, for momentum 
and their proper proportion of floor. If the floor-beams 
and stringers are of built sections, the rivets must be so 
spaced that between the points of application of the load and 
the points of support there are rivets enough to transmit 
the flange strains to the web and from the web to the 
flange without exceeding a shearing strain of 7,500 lbs. 
per square inch upon the rivets, or of 40,000 lbs. per square 
inch of mean pressure on the semi-intrados of the rivet- 
holes. There will be an exterior pair of iron stringers 
placed 3 feet outside of the main stringers. These outer 
stringers will be proportioned to one-half the strength of 
the track-stringers under the rails. 

Highway Floor-beams. — The highway floor-beams shall 
be proportioned to carry the floor weight of 550 lbs. (per 
lineal foot of bridge) and a live load of 700 lbs. per lineal 
foot of bridge. They shall also be proportioned to carry 
a concentrated load of 12,000 lbs. on one pair of wheels of 
six (6) feet gauge (in addition to the dead load), and the 
mode of computation which gives the greatest section shall 
be adopted — the specification as to strains and rivet sec- 
tions prescribed for the railway floor-beams shall be adhered 
to for the highway beams. 

Bed Plates and End Supports. — Bed plates resting on 
masonry shall be so proportioned that ' the pressure on the 
masonry shall not exceed 36,000 lbs. per square foot for 
the main span, and 25,000 lbs. per square foot for the 
sm.aller spans. 

Friction Rollers. — The friction rollers, where used under 
the ends of a span, shall be so proportioned that the strains 
per lineal inch shall not exceed those determined by the 
following formula : 

V'540,000 X d = lbs. per lineal inch in which "d" = 
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diameter of roller in inclieB. The east end of the 247 feet 
span and the west end of the 53 feet span will be sup- 
ported from the underside of the upper chord on proper 
iron plates or saddles resting directly on the masonry 
of pier, the said pier having an archway through same for 
the passage of highway. This pier will be constructed by 
the railway company, of the proper height and form to 
suit the requirements of the bridge. The west end of 
the 247 feet span and the east end of the 98 feet span 
wiD. be supported from the underside of upper chords on 
iron supports extending to the masonry of the present pier, 
on a level with the bottom of highway floor-joists. This 
support will be constructed of wrought iron, strongly braced 
to resist lateral movement, and shall be so proportioned 
that the iron in it shall not be strained over 60 per cent, of 
the maximum strains permitted in forms of similar kind 
before mentioned. The space in the clear width and height 
of this structure, for passage of highway, may be not less 
than 13 feet. The plan of the top of the present pier, on 
which the proposed iron support is to be placed, is here- 
with furnished, and shows what portion of the pier can be 
occupied by the support without interfering with the pre- 
sent structure. The length of the spans mentioned con- 
template placing the west-end pin of the 247 feet span over 
the exact centre of the masonry pier now buUt. If for the 
purpose of securing a more proper bearing in connection 
with the 98 feet span resting on the same pier, it is de- 
sirable to reduce the length of the 247 feet span a trifle, 
such reduction may be made, and in this case the 98 feet 
span wUl be correspondingly increased in length. 

Gamier. — The several spans shall have a permanent 
camber of laVoth of their length. To more thoroughly 
understand the position of the several spans mentioned in 
their relation to the existing structure, see plan of same 
herewith furnished. The proposed bridge will be so located 
that its north truss will be north of and as close as conve- 
nient to the north chord of the present structure, and the 
south truss will be placed at its proper distance between 
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the chords of the existing structure, and the centre line of 
the railway will he changed to suit the new structure. For 
convenience in raising, the grade of the track can be 
temporarily or permanently raised or lowered 6- inches. The 
present long span is strengthened by two (2) supports built 
up from the river bed, and is strong enough to carry the 
additional weight of the new structure and necessary false 
works. Whatever false work may be necessary, and what- 
ever changes may be required in re-arranging the floor- 
beams, lateral and sway bracing, &c., or any portion of the 
old structure, to permit the raising of the new, shall be done 
under the approval of the railway company's engineer, by 
and at the expense of the contractor, the timber and lumber 
necessary being furnished by the railway company, and 
the entire work shall be done without interfering with the 
passage of regular trains over the same. The railway 
company will remove lihe old structure on completion of 
the new. Any work or part necessary to complete the 
entire structure in all respects in a first-class manner, and 
which is not definitely specified herein, shall be supplied 
without extra charge by the contractor, and to the entire 
satisfaction of the engineer of said railway company. 

Tests. — ^A skilled inspector will be retained by the rail- 
way company, who will examine and test the iron at the 
rolling mill before it leaves for the shop, and who will have 
the shop work under his constant supervision, with full 
power of rejection whenever the specifications are not com- 
plied with. The engineer of the railway company shall 
have the privilege of selecting, at any time before the 
erection of the bridge, any of the manufactured iron mem- 
bers and submit the same to such tests as he may deem 
proper, and should any of the members thus tested fail to 
be of lihe standard demanded, this will be considered suffi- 
cient evidence ihat the iron for the bridge does not comply 
with the specification, and wiU cause its rejection. Rea- 
sonable compensation will be allowed for all material of 
good quality destroyed in making such tests. All bars 
subject to tensile strain shall be tested by the contractor, 
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under tlie direction of tlie engineer of the railway company 
to 18,000 lbs. per square inch of sectional area. On com- 
pletion of the entire structure, and after the present struc- 
ture is removed, the bridge, after being in current use for 
one day, will be tested with a traru loaded approximately 
to the maximum specified, and after remaining on the 
several spans for thirty minutes and then removed, no 
permanent set should take place. For the purpose of 
determining the stiffness and stability of the entire struc- 
ture longitudinally and laterally, it wiU be subjected to the 
following test, viz. : — A train consisting of one engine, 
tender, one mail, one express, one baggage, three (3) pas- 
senger cars, and one sleeping coach, or their equivalent, 
with air-brake equipment, will approach from the west and 
run on to the bridge at the rate of twenty-five miles per 
hour approximately, and when the engine is over the 
centre of the 247 feet span the engine will be reversed and 
the air-brakes applied w'ith sufficient force to slip the truck 
wheels, and no permanent change shall take place in the 
whole or any part of the structure. 

All engineers are now aware that something more is 
necessary for constructive purposes than iron which wiU 
stand a high tensile strain. It has already been pointed 
out in the paper that a bridge constructed with hard brittle 
iron will, in all probabUity, stand the dead-load test to all 
appearances with less sigjns of distress than a similar struc- 
ture in the construction of which good tough iron has alone 
been employed. This is simply because the iron does not 
stretch, and, assuming the workmanship equally good in 
both cases, the bridge built with hard brittle iron . will 
deflect less under the test load. It is advisable therefore 
when testing iron to enforce the specified elongation or 
contraction of area even with more firmness than the ulti- 
mate breaking strain. This view is to some extent endorsed 
by the following extracts from the report of Mr. Lavington 
E. Fletcher, chief engineer of the Manchester Steajn Users' 
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Association, on the Blackburn boiler explosion which, took 
place in 1874 : — 

' ' Tensile strength, however, is not the only quality re- 
quired in boiler plates ; ductility is also necessary. This is 
too often lost sight of. A plate with a moderate tensile 
power, if ductile, is better for boiler purposes than with a 
high tensile strain, if short and brittle. To ascertain the 
ductility of the plates under consideration reference may be 
made to the reduction in area at the point of fracture given 
in the first of the preceding tables. It will be seen that 
this reduction in area varies considerably in different ex- 
periments. In the case of the test plates cut from the top 
of No. 2 boiler, it is as low as 5-97, while the mean of the 
tests cut from the top of that boiler is 7'29. This does not 
indicate a high ductile power. The same inequality will be 
seen in the rate of elongation, which in one case was 1-97 
per cent., in another 7 "60 per cent. 

"The result of the investigation of the quality of the plates 
is, that though adequate ia tensile power, they had not, 
at all events some of them had not, that amount of ductility 
which it is desirable they should have seeing they were to 
be employed in the construction of a boiler to be worked 
at so high a pressure as 80 lbs. on the square inch. I do 
not consider, however, that the want of ductility was by 
itself the cause of the explosion." 

The working strain to be put upon iron ought to be 
governed by the specified quality and tests, as well as by 
considerations affecting the purposes to which it is to be 
applied. When the moving load is relatively large to the 
dead weight of the structure, it will generally be found 
more judicious to employ an ordinary quality of iron with . 
a smaU working strain, than to employ an exceptionally 
good material capable of sustaining a high working strain. 
Where good ordinary iron has been tested and found to 
be of a reliable character, it might be loaded with a dead 
weight to such an extent as to put a strain of six or even . 
seven tons per square inch upon it without danger ; but in 
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a small railway bridge of, say, 20 feet span it is not safe to 
impose a greater strain than four or four and a half tons 
per square inch upon the iron, on account of the varying 
and almost indeterminable effect of the rolling load. If a 
higher working strain is taken the rolling loads may cause 
the limit of elasticity of the iron to he exceeded, and 
however rarely this happens the structure must ultimately 
wear out. If an adequate rolling load be assumed, and a 
low strain be put upon the iron, good designing ought to 
render the •wearing out of an iron structure in this way 
almost impossible, more especially as it -would appear that 
the practical limit to the weight of locomotives has now 
been reached. 

If girders are of the lattice type every care should be 
taken to provide for these heavy rolling loads by intro- 
ducing counter-bracing, or by so designing the diagonals 
that they may be capable of sustaining the maximum strains 
both of tension and compression. In modem bridges de- 
signed by otir first engineers it is no unusual circumstance 
to find the strain allowed in the centre diagonals to be 
about two tons per square inch. 

Sir William Fairbairn, at the request of the Board of 
Trade, carried out many experiments "with the view of 
determining the effect of rolling loads. These wiU be 
found in his Third Series of " Useful Information for En- 
gineers," and from these experiments the following parti- 
culars have been extracted, as they bear closely on the 
questions under consideration : — 

A wrought iron riveted plate beam 20 feet clear span, 1 6 
inches deep, nett effective area of bottom flange V116 square 
. inches, gross area of top flange 4" 3 square inches, web \ of 
an inch thick, weight of girder 7 cwt. 3 qrs., calculated 
breaking -weight in the centre 12 tons. 

By suitable mechanism put in motion by a water -wheel, 
loads' were put upon and taken off this girder at the rate 
. of about eight applications per minute without intermission 
either day or night. 
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With a load of 6,643 lbs., or about one-fourth of the 
ultimate breaking load, the calculated strain in the bottom 
flange was 6"25 tons per square inch of effective section, 
the deflection at the centre was 0-17 inches, which was not 
increased by 596,790 applications of the above load. At 
this poiat the load was increased to two-sevenths of the 
ultimate breaking load, so inducing a calculated strain of 
7"39 tons per square inch of effective area in the bottom 
flange. The deflection was augmented to 0-22 inches, and 
after 403,210 applications, it was ascertaiaed to be only 
0'23 inches. As the beam had thus sustained one million 
changes of load without any apparent iajury, the load was 
further increased to 1 0,486 lbs., or two-fifths of the breaking 
weight. After 5,175 applications of this load the beam 
broke by tension a short distance from the middle, the cal- 
culated strain on the iron at that point being 9-88 tons per 
square inch of effective area. 

The beam after being repaired was again subjected to 
3,150,000 applications of a load equal to one-fourth of its 
breaking weight. This load producing no effect whatever, 
it was increased to one-third of the breaking weight with 
which the beam failed by tension after 31 3,000 applications, 
the strain ia the bottom flange being 8-45 tons per square 
inch of effective area. 

From these results it would appear that the limit of 
elasticity of the iron of which this beam was constructed 
was about 8 tons. It required 313,000 applications of the 
load iaducing a strain of 8*45 tons per square iach in the 
bottom flange to produce fracture, whUst with 403,210 
applications of the load inducing a strain of 7*39 tons per 
square inch the girder sustaiued no injury whatever. It is 
well to notice that the beam was uninjured by nearly 
4,000,000 applications of a load producing a strain of 6-25 
tons per square inch in the bottom flange, whilst it required 
only 5,175 applications of the load inducing a strain of 
9-88 tons per square inch to produce fracture. There is 
every reason to infer from these result that the beam 
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would have sustained an. infinite number of applications of 
a load equivalent to one-fourtli, or even approaching two- 
sevenths of its breaking weight. 

The importance of these and analogous investigations 
are at once appreciated on an engineer being called upon 
to design new railway bridges, or to look after those 
already erected. 

Mr. Benjamin Baker has conclusively proved, in his ad- 
mirable little work on "Long Span EaUway Bridges," that 
there are many circumstances, such as badly maintained 
permanent way, inclined cylinders, and unbalanced por- 
tions of the mechanism of locomotives, together with great 
weight and length of engines combined with short wheel 
base, which wiU at times render the effective load on one 
axle equivalent to 30 tons. This, taken with the deduc- 
tions from Sir William Fairbairn's experiments, wiU almost 
render it necessary for an engineer to limit the life of rail- 
way bridge platforms constructed as of old with closely 
spaced shallow cross girders. 

When a platform is first constructed every care is taken 
to have no two joints in longitudinal timbers on the same 
cross girder ; unfortunately timber is a perishable material 
and railway work renewals are often left to the charge of 
navvies. They not being well versed ia the art of bridge 
building sometimes make the longitudinal timbers to joint 
on the same cross girder, and in the case of a double line 
of way three out of the four may be found to do so. This 
is not all the navvies' fault : common sense, of which he 
has not a little, directs otherwise ; but in order that traific 
may not be interrupted, a short portion is commenced and 
finished at a time. 

Assume a single line bridge with cross girders 3 feet 6 
inches apart, originally designed to sustain 15 tons to each 
axle with a maximum strain on the iron of the bridge not 
exceeding 5 tons to the inch. Reasons have already been 
given why this load will at times be augmented to 30 tons, 
and the longitudinal timbers be decayed and jointed on the 
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same cross girder. It will not reqiiire more than 5 tons to 

eacli axle to produce the amount of deflection in the rails 

and timbers to correspond with that of the cross girder 

occasioned by the 25 remaining tons. But since a load of 

15 tons to an axle induces a strain of 5 tons per square 

inch on the iron of the girders that produced by 25 tons 

25 X 5 
will ^ — Ti — =^ 8'33 tons. Pairbairn's beam failed with 
io 

313,000 applications of a load producing practically this 
strain per square inch ; therefore if the bridge be situate 
on a portion of a line subject to a traffic of sixty trains a 
day, going full speed, and the excessive load of 30 tons 
to one axle be only due once to each train, it wiU require 
but fourteen years to cause the destruction of the platform. 
The load of 30 tons may be due to either the leading, 
driving, or trailing axles. The effect of the engine only 
need be considered, as the strains induced by the remain- 
ing rolling stock will be well within the limit of elasticity 
of the iron. The economy is thus made evident of keeping 
qualified men to look after a railway, who will see that 
everything is kept in a good working condition. Bad per- 
manent way not only ruins the rolling stock and passengers' 
constitutions, but it greatly adds to the wearing out of the 
bridge platforms. With shallow cross girders oscUlations 
are set up by heavy continuous traffic, which will soon 
shake loose rivets and bolts, and perhaps the connections 
with the main girders. 

It may be remarked by some who have never noticed a 
worn-out bridge platform, that calculations of the forego- 
ing nature show ignorance of actual work, and that assump- 
tions such as that each train may produce one excessive 
strain on a cross girder, may do very well for theory, but 
prove fallacious when subjected to the crucial test of prac- 
tice. This may be so, for possibly the excessive load may 
occur more than once to each train, the constructive weak- 
ness referred to doing much to cause this effect. The 
author considers that the foregoing deductions point out 



126 IRON BRIDGE CONSTRUCTION. 

some pitfalls to be avoided, and clearly show the effect of 
moving loads on girders and analogous constructions. Here 
is an actual example recorded in the before-mentioned 
" Long Span Eailway Bridges," a book which all connected 
with railway work should read. The platform of the rail- 
way bridge over the Regent's Canal was constructed, owing 
to local circumstances, with cross girders only 8 inches deep 
and 14 feet 6 inches span. With a view of compensating as 
much as possible for want of depth, longitudinal stiffening 
girders 18 inches deep were placed at a distance of 2 feet 
3 inches from the outer edge of each rail ; each cross girder 
was also weU. secured by tee irons and gusset plates to the 
main girders. This bridge, notwithstanding that with 
15 tons to one axle it was so designed that the iron should 
not be strained to more than 4 tons per square inch, com- 
pletely gave way in four years. Mr. Baker attributes the 
failure to lihe employment of a 45-ton engine to work the 
traffic, the wheel base of which was 14 feet ; the ends conse- 
quently overhung very much, which would greatly assist 
in producing oscillation and other undesirable conse- 
quences. 

In good modem practice closely spaced shallow girders 
are only used where absolutely unavoidable. It is more 
often found that the distance between cross girders is 7, 12, 
or even 20 feet. The latter is an extreme not recommended 
on the score of economy ; for even supposing a saving in 
the weight of platform, which is not Hkely to be effected, 
it would probably not be economical to space the triangu- 
lations of the web of the main girders at 20 feet centres, 
as the compression members would so be rendered unduly 
heavy. By introducing another system of zig-zag, the 
distance between the cross girders is reduced, and no doubt 
a saving effected in the total weight of the structure. 

These and other kindred questions admitting of no 
general solution are entirely dependent on the ability of 
the designer. In warren, trellis, and even plate girder 
bridges, the spacing of the cross girders is in most cases, 
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to a gi-eat extent, fixed by considerations affecting tlie main 
girders. 

So far as approximate weights for taking out strains 
and parliamentary estimates are concerned, the weight of 
iron in a properly designed douhle-line bridge platform 
with two main girders may be taken at 9 cwt. per foot run, 
within the limits of 8 feet 6 inches and 20 feet spacing of cross 
girders ; that is assuming the iron not to be strained with 
the heaviest loads to more than 4 tons in the former and 
4J tons per inch in the latter instance. On the completion 
of the design there will of course be no difficulty in ascer- 
taining the accurate quantities. 

Mr. William Anderson was among the first to appreciate 
and point out the great economy to be derived from properly 
spacing cross girders. This is exhibited, apart from any 
consideration affecting the other portions of the bridge, in 
the following table of estimates prepared by him, and kept 
on record in the " Transactions of the Institution of Civil 
Engineers of Ireland," vol. viii., 1866. 



SiKOLB Line. 

Cross girders 3 ft. apart 
Cross girdern 12 ft. apart 
Longitudinal rail girders 

Double Lihe. 

Cross girders 3 ft. apart 
Cross girders 12 ft. apart 
Longitudinal rail girders 


Span. 


Total 
Load on 
Girders- 


Kett Area 
of bottom 
FUnge. 


Weight 
of Oirders. 


Weight 

per 

Foot Eon 

of Bridge. 


ft. 
14 
H 
12 

25 

2Si 
12 


tons. 
17-26 

29-35 
1954 

35-00 
58-64 
38-64 


sg. in. 
b-30 
IO-9J 
10-80 

1 1 "40 
19-20 
21-60 


lbs. 
1206 
1700 
1518 

3654 
4704 
3026 


lbs. 
402 

1 268-2 

I2l8 
} 64s 



It may be remarked that the weight per foot run of 
platform girders given by the author is considerably in ex- 
cess of that contained in the table. In the former instance 
the strain of the iron is taken low, and the damaging 
action of a 45 -ton engine is provided for, whUstin the latter 
the data assumed are — maximum weight of engine 34 tons, 
maximum load on a pair of driving wheels 16 tons, wheel 
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base 12 feet, depth of cross girders tVth. of clear span. The 
ever increasing, complications in running powers, taken 
in conjunction witli the various types of engines used on 
railways, will necessitate the weight given hy the author 
on almost any railway to he constructed in this country ; 
BtiU. the relative comparisons exhibited in Mr. Anderson's 
table hold good, and are of great value. It must not be 
assumed that in spacing cross girders within the limits of 
3 feet and 12 feet, that the weight of the platform wiU vary 
and be proportional to their distance apart. 

Extract from Discussion on Mr. Graham Smith's Paper read 
lefore the Lvoerpool Engineering Society, June 2Qth, 1877. 

On Ceoss-Piling. 

Mr. Birch said with reference to the author's remarks on 
cross-piled plates, that his experience had been that beyond 
certain limits cross-piling was ineffectual to produce tensile 
strength crossways equal to that in the direction in which 
the iron was roUed. In fact, in plates of ordinary sizes the 
strength, as a rule, would always be three or four tons 
more lengthways of the plate. In support of his assertion, 
Mr. Birch read the following notes on the subject which he 
had had from one of the largest plate manufacturers in this 
country, whose works, situate in the Cleveland district, are 
employed in nothing else but the manufacture of ship, 
bridge, girder, and boiler plates : — 

"We do not ourselves think there is so much in cross- 
piling as is generally believed. We find that in rectan- 
gular plates of ordinary sizes the strength in the direction 
of the rolling is to that in the opposite direction as twenty- 
two is to eighteen. In long narrow strips you may increase 
the first, but always at tiie expense of the second. In 
smaller square plates specially rolled you may make it 
almost equal in both directions. We do not think that a 
plate 12 feet by 4 feet 6 inches by f inch can under any 
circumstances be made to stand an equal strain both ways, 



CROSS-PILING IRON. 129 

for it would of necessity liave to be rolled out more in one 
direction than the other ; and cross-piling does not by any 
means compensate for the efieet of finally rolling in an 
opposite direction. The percentage of elongation follows 
very much the final tensile strength — ^that is to say, it 
increases or diminishes with the tensile strain endured. 
Some makers — notably Low Moor and Famley — are put- 
ting down rolls of great diameter and length — say, 12 feet 
long by 2 feet 8 inches diameter. They make a speciality 
of large circular plates to flange all round, and with two 
flanged holes in them for marine boilers. Their object is 
to obtain equability of tensure for flanging purposes, by an 
equal amount of rolling in both directions, and no doubt 
they obtain it in this way. The cost, however, must be 
greatly enhanced, for apart from the question of the high 
class material they use, such machinery is of a most expen- 
sive kind in original cost and in keeping in motion. As 
plates of this description are a very small proportion of the 
total used for all purposes, it is clear that the size and class 
of machinery ought to be determined by the bulk of orders, 
and not by the requirements of exceptional plates. The 
term cross-pUing seems to have come originally from Staf- 
fordshire, and is not used at all by manufacturers of plates. 
We constantly hear of it, however, from merchants and 
Bonsumers who imagine there is something in it, but don't 
know what. As far as we can gather, ' cross-piling ' in 
Staffordshire means making the pile from w hich the plate 
is to be rolled with one slab top and bottom lengthways of 
the pile, and the intermediate space filled up with puddled 
bars placed crosswise. Our experience is that plates so 
made are very inferior to plates made as we are in the 
habit of doing them, viz. with one or more slabs length- 
ways of the pile top and bottom and the intervening space 
filled up with plate scrap. This is for ordinary quality. 
For higher qualities we have several methods of improving 
the iron, though not without increased cost. It is quite 
probable that plates cross-piled as we have described them 
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may be better than plates made of new puddled bars all 
arranged thelong way of the pile, but we never make them 
the one way or the other. As before explained, more 
depends on the direction of the rolling afterwards than on 
any particular arrangement of piling. You may make up 
your mind that it is not wise for merchants or consumers 
to specify anything about piling, or any detail of the 
manufacture of iron. Their best policy is to specify that 
the iron should be capable of bearing such and such tests. 
They then throw the responsibility on the manufacturer, 
whereas, in the other way, they take it themselves, for they 
cannot blame him if he follows their instructions, even 
though a failure be the result." 

Puwcmifa Ikow. 
The following experiments carried out by Mr. Cochrane 
{viAe Minutes of the Institution, vol. xxx.) tend to show 
that the punch does not damage iron to the extent supposed 
by some engineers. A bar of Low Moor, 2 inches by ^ inch, 
with a drilled hole \ inch diameter put through it, sus- 
tained 235 cwt., and with a punched hole 226 cwt. "With 
bars of hard crystalline iron of the same dimensions that 
with the drilled hole sustained 250 cwt. and the punched 
hole 244 cwt. With bars each with three holes, one 
drilled, one punched, and one punched % inch and driQed 
to \ inch diameter, in aU cases they broke through the 
punched hole. This would be inferred from the foregoing 
experiments, still the results are well within the limits of 
variation in the breaking weights of our best irons, 
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SPECIFICATDON 

FOR THE ERECTION AlTD COMPLETION OF A ■WROUGHT-IBON 
LATTICE GIEDEK BBIDGE OVER THE RIVER , AT 

, 140 EEET CLEAR SPAN, AND 54 PEET 
WIDE BETWEEN MAIN GIRDERS. 

1. Interpretation. — In this specification tlie words 
"The Corporation" shall be understood to mean the mayor, 
aldermen, and burgesses of the borough of ; the 
words "Town Clerk" shall mean the town clerk of 

for the time being; the word "Contractor" 
shall mean any person or persons who may jointly or 
severally enter into any contract for the execution of the 
works herein specified, or any of them, and shall include 
his or their heirs, executors, and administrators ; and the 
word "Engineer" shall mean the borough engineer of 

, or other the engineer or surveyor for the time 
being duly authorised by the corporation to act as engineer 
or surveyor in the construction of the works herein speci- 
fied, or his representative. 

2. Extent of Contract. — The contract comprises the 
manufacture, erection, painting, and completion of the 
whole of the wrought and cast iron work for the bridge, 
including all labour and materials necessary for fitting and 
fixing the same in position upon the abutments now in 
course of construction at , and maintaining the 
same in perfect order and condition for three months after 
its completion and opening for public traffic ; and also the 
providing, erecting, and afterwards removing of all 
temporary materials, including all staging, piling, scaffold- 
ing, tools, tackle, and machinery necessary for erecting, 
fitting, fixing, and finishing off the work in the most 
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complete and perfect manner, to the satisfaction of the 
Engineer. 

DEAWINGS. 

No. 1. General elevation of bridge 

„ 2. Plan showing girders. 

„ 3. Elevation of main girder. 

„ 4. Details of main girder. 

„ 5. Section of bridge showing details of cross girders. 

„ 6. Details of short cross g^ders. 

„ 7. Details of cornice and diagonal bracing. 

3. Main Girders. — There are two wrought iron main 
girders of the tubular lattice form, 154 feet 10 J inches over 
all, 14 feet 8} inches total depth, and the flanges, of trough 
section 3 feet 6 inches wide, the web of the trough being 
2 feet deep. The girder to be buHt with 3^ inches camber. 
The main girder must be fixed on the abutments at such a 
height that the underside of the bearing plates shall be 
95"30 above ordnance datum, and the contractor must 
satisfy himself that the masonry is at the proper height for 
fixing the girders. 

4. Cross Girders. — The cross girders are twenty-seven 
in number, 6 feet apart from centre to centre ; nineteen of 
them are 54 feet span, 4 feet deep at centre, and 3 feet 
deep at ends, curved in both flanges, which are 18 inches 
wide. They rest upon the bottom flange of the main 
girders, and are connected thereto by a continuation of the 
cross girders to the outside member of the web, to which 
it is riveted. The remainder, four at each end of the 
bridge, are of various lengths, as shown on the drawings, 
and have one end attached to the main girder, and the 
other resting upon the abutment. The two shorter girders 
out of the four wiU be 3 feet 6 inches deep, the top flange 
only being curved. 

5. Setting Out. — The main girders and cross girders 
must be carefully and accurately set out fuU size at the 
contractor's works in order to get the correct lengths for 
tho various parts, and to ensure a perfect fit and accurate 
butt joints throughout the whole work. 

The floor-plates are 3 feet wide and f inch thick, sup- 
ported by T irons 5 inches by 3 inches by ^ inch, running 
parallel to the main girders and riveted to the cross girders. 
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The plates to Lave a camber of 3 inches between the T 
irons to which they are riveted. 

6. Wrouglit Iron. — The whole of the plates, T angle, 
and other rolled iron, are to be of the best quality, by a 
maker to be approved of by the engineer, sound, tough, 
free from all cracks, flaws, indentations, and other defects, 
cinders, and other impurities, carefully straightened, flat- 
tened, and, where necessary, curved to the required shape 
before being drilled, so that the surfaces shall be in con- 
tact. They shall gauge everywhere the full thickness and 
dimensions figured or shown on the drawings, be truly 
planed at the ends to make accurate butt joints, and shall 
in all respects be well and truly fitted and put together 
with aU. necessary packing pieces, whether shown on the 
drawings or not. 

The whole of the roUed iron above mentioned to be 
capable of being bent to a right angle when cold without 
fracture, and of bearing a tensile strain of ten tons per 
square inch of section without permanent set, and at least 
twenty-one tons per square inch before fracture. 

7. Diagonals. — The diagonal bars for the main girders 
must be made from the best quality of double hammered 
scrap iron ; they must all be perf ectiy flat, straight, sound, 
and free from cracks or flaws of every description, solid at 
the edges and ends, forged or roUed in one piece, as no 
welding on the ends will be allowed ; they must every-' 
where gauge the full width and thickness shown or figured 
on the drawings, and be set out with especial care to the 
exact length required. They must be capable of being 
bent when cold to a right angle, and bearing a tensile strain 
of twelve tons per square inch without permanent set, and 
at least twenty-two tons per square inch before fracture. 

8. Drilling. — All rivet holes in the main girders, and 
the ends of the cross girders where they are attached to the 
main girders, to be carefully and accurately drilled to tem- 
plates, through the whole thickness of plates required to 
be riveted together at one operation, the plates being built 
up in the position they will occupy in the girder for this 
purpose, so that all the holes which have to be passed 
through by any rivet correspond with each other, and the 
plates can be riveted up without "drifting" or "riming" 
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out the holes. After the plates are drilled, the sharp 
burr and arris left by the drill must be taken off to pre- 
vent shearing of the rivets. The rivet holes in the cross 
girders, except those above mentioned, are to be carefully 
and accurately punched to templates. 

9. Rivets. — The rivets must be made from the very 
best quality of rivet iron, capable of bearing a tensile 
strain of eighteen tons to the circular inch of section before 
fracture. The rivets for the main girders to be \ inch 
diameter and 4 inches pitch, except for the lateral bracing 
of the verticals and diagonals which have J-inch rivets. 
The rivets to be cup-headed, the total height of the finished 
head of a -J-iaeh rivet to be not less than W inch; no 
" drifting " ■wiU be allowed. The rivets for the cross 
girders are to be f inch diameter and 4-inch pitch. The 
rivets at the bearing-plates of the main girders, and in all 
cases where necessary, must be counter-s'unk, whether they 
are so shown on the drawings or not. No rivets to be 
hammered when cold. 

10. Bolts and Ifuts. — All bolts are to be made of iron 
of similar quality to the rivets, and capable of bearing the 
same test. They must be made to the full sizes shown on 
the drawings, the heads to be forged in one with the bolt 
out of the solid rod, and not by " welding " or "dabbling " 
on a separate piece. The heads of the 1-inch bolts must 
be at least f inch deep, and the nuts 1 inch deep. The 
screws for both bolts and nuts to have Whitworth's standard 
threads, well and cleanly cut, and to hold full for the entire 
length of the screw. The nuts to be neatly formed and fit 
the bolts tightly. 

11. Cast-irou Bed Plates. — The cast iron is to be of the 

best and toughest quality, and the castings generally must 
be perfectly sound, dean, and free from air or sand holes, 
and of the exact dimensions shown on the drawings ; the 
surfaces of the expansion plates, or any other parts which the 
engineer may consider necessary, must be planed or faced. 
They must be cast to the proper angle for fittmg the face 
of the abutment. 

12. Cornices and Panels. — The cornices and panels fox 
the Salford Arms to be clean sound castings, sharp in the 
mouldings and arrises, straight, true, and free from warp 
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or bend, and properly fitted and fixed to the main girders, 
as shown on the drawings, including all necessary drilling 
and tapping, counter-sunk screws, bolts, and nuts ; all 
joints to be fitted up flush. 

13. ^amps. — Pour -three-light lamps, of a pattern simi- 
lar to that shown upon the elevation, to be approved by 
the engineer. The lights to have copper frames, each 
weighing lb., glazed with 26-oz. glass, hinged doors at 
bottom, one half glazed and the other half perforated 
copper. 

14. Inspection. — The engineer shall have the right of 
inspecting any portion of the ironwork, either at the works 
during the process -of manufacture or after delivery ; and 
either himself or his representative shall have free access 
to the works at all times, fuU power and facilities to apply 
at the contractor's own expense such tests as he may from 
time to time deem expedient, and to reject either before or 
after delivery any of the work which he may consider 
defective, incomplete, or in any way inferior to what is 
intended by the drawings and this specification, and the 
same shall be immediately replaced at the contractor's 
expense. 

15. Painting, &c. — All plates, bars, angles, and T irons 
are to be dipped in hot boiled linseed oil while they are at 
a temperature of about 200 degrees Fahrenheit immediately 
after they are taken from the roUs and sheared, and before 
they have suffered from the slightest exposure to the atmo- 
sphere or wet ; and all the ironwork, before leaving the 
works, must have one coat of best anti-corrosive paint, and 
the bridge, after erection, shall be painted with three coats 
of good oil paint of a colour to be approved by the engineer, 
and the scroll work and mouldings of the cornice picked 
out in gold. The engineer may order any tests to be made 
of the quality of the paint that he may tlunk fit, at the cost 
of the contractor. 

16. Quantities. — The quantities given are not guaran- 
teed, but great care has been taken in preparing them. 
The contractor must satisfy himself as to their correctness, 
as any inaccuracies cannot, when the contract has been 
entered into, be afterwards rectified. 
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17. Weighing. — The contractor will be required to weigh 
the whole of the iron work on an authorised public weighing 
machine in Salford, or other approved place, as the nett 
weight only wiU be allowed, and no additional weight will 
be paid for over and above that stated in the quantities, 
the correctness of which the contractor must satisfy himself 
before sending in his tender. 

18. Erection. — The contractor shall carry on the work 
at such times and in such manner as not to interfere with 
the course of the river, and must observe and keep all the 
conditions and stipulations required by the provisions of 
the Salford Improvement Acts, or any Acts of Parliament 
incorporated therewith ; and shall not infringe any rights 
of way or Navigation Bye-laws, or other privileges of the 
Eiver Conservancy, or any lawfully-constituted authority, 
except at his own risk and damage. 

19. The contractor will also be liable to make good any 
damage done to the works by floods or other accidents. 

20. The contractor shall provide all necessary temporary 
fencing, and also efficient lights and watchmen, so as to 
prevent accidents both by day and night. 



GENEEAL CONDITIONS. 

1. Labour and Settirg out. — That the contractor shall 
provide all labour, machinery, tools, tackling, staging, 
scaffolding, water, and materials whatsoever (unless other- 
wise distinctly specified) which are or may become neces- 
sary to the full and complete execution of the several works 
in all their parts, although the same may not be particu- 
larly mentioned or described in this specification, or the 
several drawings accompanying the same ; and he shall set 
out, and be responsible for the correct setting out of the 
several works, and for the accuracy of the dimensions and 
levels of every part of the same. 

2. Materials and Workmanship. — That the whole of 
the works, as shown on the drawings, or described in this 
specification, or set forth by such drawings and instructions 
as may be given from time to time during the progress 
of the works, shall be executed by the contractor with 
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the best materials of their several kinds, and the most 
skilful -workmanship, to the entire satisfaction of the 
engineer. 

3. Deviations. — That no additions, deductions, altera- 
tions, or deviations, made in the works shall annul or in- 
validate the contract entered into hy the contractor ; but the 
value of such deviations, &c. (if any), shall be assessed by 
the engineer, and added to or deducted from the amount of 
the contract, as the case may be. 

4. Extras. — That the engineer shall have full power and 
authority, from time to time, and at all times, to make and 
issue such further drawings, and to give such further in- 
structions and directions as may appear to him necessary 
for the guidance of the contractor and the good and proper 
execution of the works, according to the specification ; and 
the contractor shall receive, execute, and obey, and be 
bound by the same, as fully and effectually as though they 
had been mentioned or referred to in this specification ; and 
the engineer may also alter, omit, vary, or only partially 
execute, any of the works contemplated by this specifica- 
tion and contract ; but the corporation shall not become 
liable to the pajonent of any charges in respect of any such 
additions, omissions, or deviations, unless the instructions 
for the same shall have been given in writing by the engi- 
neer, nor unless the same shall have been claimed for by 
the contractor, in writing, within seven days after the week 
in which the same shall have been executed, such claim to 
contain the description and quantity of such work so done, 
the labour employed, and materials used therein. 

It must be distinctly understood that the conditions of 
the specification are intended to be rigidly enforced, and 
especially that extra charges or claims in respect of extra 
work wUl not he allowed imless the works to which they ' 
relate are clearly without the spirit and meaning of the 
specification, nor unless such works are ordered in writing, 
in the prescribed manner, and at the prescribed time, the 
intention being that the works to be performed shall be 
fully and sompletely executed for the amount set forth in the 
accepted tender, to the end that the corporation shall be- 
come informed of the extent (as nearly as may be) of their 
pecuniary liability under this contract. Verbal instructions 

K 
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and instructions given otkerwise than as provided for in 
this specification are not to be deemed instructions for the 
proper execution of the works not involving extra charges. 

5. Nett IXEeasuremeuts. — That all measurements, 
whether on behalf of the contractor or the corporation, 
shall be so made and taken as to express only the actual 
nett quantity in work, notwithstanding any contrary custom 
or practice whatsoever. 

6. Full Work. — That the several works in every branch, 
when finished, shall be in aU their parts of the full dimen- 
sions expressed or implied by this specification, and the 
drawings therein referred to, any local or other custom to 
the contrary notwithstanding. 

7. Care and Kisk of Work. — That from the commence- 
ment to the completion of the works, and until the same 
shall have been formally delivered over to the corporation, 
the care and risk of the same shall be entirely with the 
contractor, who shall defray all damages, costs, charges, 
and expenses occasioned by or consequent on the acts or 
omissions of himself, his agents, servants, or workmen, or 
arising by reason of the execution of the works contem- 
plated by the specification, whether the same shall happen 
to the property of the corporation, or to that of any other 
person or persons, and shall hold the corporation harmless 
in respect thereto ; and in case the corporation shall pay, 
or be liable to pay, any sum or sums of money in discharge 
of any such damages and expenses, they shall be at liberty 
to deduct the same from the amount from time to time, or 
at any time due or accruing to the said contractor, or to 
recover the same from him by action at law, or otherwise, 
as they may be advised. 

8. Rejected Work or Materials. — ^That the engineer 
shall have fuU liberty, from time to time, and at all times, 
to inspect the materials and workmanship employed in and 
about the works hereby contracted for, and may at any 
such time reject any of the materials or workmanship fur- 
nished by the contractor which may appear to him to be 
defective, unfit, or improper for the several purposes to 
which they have been or are intended to be applied, or are 
not in accordance with the description mentioned in or 
intended by this specification, or the drawings, instructions, 
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and directions respectively, and that the contractor shall 
forthwith remove all such materials and workmanship so 
rejected, when required to do so by the engineer, and shall 
remove and carry away the same from the works and lands 
of the corporation, and shall replace the same with such, 
better and more efficient quality and description of mate- 
rials and workmanship as shall be satisfactory to the engi- 
neer ; and in case the contractor shall neglect or refuse to 
comply with the foregoing coliditions it shall be lawful for 
the engineer, on behalf of the corporation, by his agents, 
servants, and workmen, to remove the materials and work- 
manship so rejected, or any part thereof, and to replace the 
same with such, other materials and workmanship as may be 
satisfactory to him ; and the corporation may, on the certifi- 
cate of the engineer, deduct the expenses incurred thereby, 
or to which the corporation may thereby be put or be liable, 
or which may be incident thereto, from the amount of any 
money which may be or become due to the contractor, or to 
recover the same by action at law from him, as the corpo- 
ration may determine. 

9. Sub-letting. — That the contractor shall not assign 
his contract, or any part thereof, or underlet the same, or 
make any sub-contract with any other person or persons 
for the execution of any portions of the works without the 
consent in writing of the engineer. 

10. Foreman. — That the contractor shall give all neces- 
sary personal superintendence during the execution of the 
works, and shall constantly employ &ereon one good and 
competent foreman, careful and skilled in the trades and 
callings required by this specification, to manage and direct 
in the absence of the contractor ; and such foreman shall, 
on behalf of the contractor, receive and have charge of 
such drawings, specifications, and documents, as may be 
furnished for the guidance and use of the contractor, and 
shall also receive and obey all such instructions as may be 
given by, and shall not be changed without the consent of 
the engineer, but may be objected to and dismissed by 
him ; and thereupon tihe contractor shall forthwith employ 
another good and competent foreman in his stead, and so 
on from time to time, and as often as the engineer shall 
require. 
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11. Workmen. — Tkat in like manner the contractor 
shall employ, in and about the execution of the several 
works, only such foreman, agents, and ■workmen, as are 
careful and skilled in their various trades and callings; 
and the engineer shall have full power to object to and dis- 
miss any person employed by the contractor in or about the 
works who shall, in his opinion, misconduct himself, or be 
incompetent for the due and proper performance of his 
duties. 

12. Control over Works. — That the several works shall 
from time to time, and in such orders and portions as 
shall be directed, be commenced and carried on with due 
diligence, and as much expedition as the engineer may 
require ; and in case the contractor shall fail to do so, or 
shall neglect to provide to the satisfaction of the engineer 
an adequate supply of proper materials, or a sufficient 
number of qualified workmen to execute the works with 
the diligence required, then the engineer shall be at liberty 
to employ other contractors or workmeh in and about the 
said works, and to provide the necessary materials, and the 
corporation may charge the cost thereof to the account of 
the contractor, and deduct the same from any moneys due 
or to become due to the contractor, or recover the same by 
action at law or otherwise, as they may be advised, and 
that the contractor shall, without recompense, claim, or 
demand, delay or suspend the progress of the -works, or 
any part thereof, whenever and for such time as he shall 
be required by the engineer, and the contractor shall, 
whenever directed by the engineer, and upon aU other 
needful occasions, at his own expense, properly cover and 
protect such of the works as may be liable to sustain injury 
from weather or otherwise. 

13. Bankruptcy of Contractor.— That it shall be law- 
ful for the corporation, in case the contractor shall fail in 
the due performance of any part of his undertaking, or 
shall become bankrupt or insolvent, or shall compound with 
his creditors, or propose any composition to his creditors 
for the settlement of his debts, or shall carry on, or pro- 
pose to carry on, his business under inspectors on behalf of 
his creditors, or shall commit any act of bankruptcy, or 
shall not, according to the judgment of the engineer, exer- 
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cise Bucb. due diligence and make such due progress as 
would enable the works to be completed witbin the time 
hereinafter mentioned, to determine the contract as far as 
respects its performance by the contractor, by a notice to 
that effect in writing (but without thereby affecting the 
obligations and liabilities of the contractor, the whole of 
which shall continue in force as fully as if the contract had 
not been so determined, and as if the works subsequently 
executed had been executed by or on behalf of the con- 
tractor, and also without thereby creating any trust in his 
favour), and may enter upon and take possession of the 
works, and of all the plant, tools, and materials of the con- 
tractor, and use and sell the same as the absolute property 
of the corporation, and may proceed to complete the works, 
either by contract or otherwise, by engaging workmen and 
providing materials and implements, and may deduct the 
cost thereof from any sum or sums of money due or to 
become due to the contractor in respect of the contract, or 
recover the same by action at law, or otherwise, as the 
corporation may be advised. 

14. Disputes. — That any disputes which may arise 
during the progress of the works, or at or after their com- 
pletion, whether as to the meaning of this specification, or 
the materials, workmanship, or any other matters whatso- 
ever relating to this contract, shall be referred to the 
engineer, whose decision shall be final, conclusive, and 
binding, both on the corporation and the contractor. 

15. Tenders. — Contractors must send in tenders accord- 
ing to the annexed form, and schedule of quantities, filling 
up all the blanks, as no other wiU be accepted. 

The contractor must make copies or tracings of all draw- 
ings required for carrying out the works at his own expense. 

16. Payments. — That the contractor shall be entitled 
to payment for his work in manner following, that is to 
say : When work to the value of not less than one thousand 
pounds has been completed, 90 per cent, of the amount 
shall be paid within one week after the engineer has 
certified to that effect to the corporation, and so by instal- 
ments of not less amount until the work is finished. The 
balance retained in hand shall be paid at the end of six 
months from the date of the borough engineer's last certi- 
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flcate, provided the engineer shall then certify that the 
work is in a state of sound repair, to his satisfaction, but 
not otherwise. 

17. Completion of Works under Penalties. — That 
the contractor shall complete the whole of the works before 
the day of , on which day he shall deliver 

up the works in a complete and perfect state, and to the 
entire satisfaction of the engineer of the corporation. And 
in case the contractor shaU fail in the due performance of 
his contract; hy and at the time hereinbefore mentioned, 
he shaU be liable to pay to the corporation, as and for 
liquidated damages, the sum of £20 (twenty pounds) for 
each and every week within the appointed and actual time 
of completion and delivery hereinbefore mentioned, and 
the corporation may deduct the same from any moneys in 
their hands due or to become due to the contractor. 
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struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fenwick and T. Baker, 
C.E. Illustrated. ... ^ . . ... 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above^ containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to .... ... 4/6 

Physical Geology, 

Partly based on Major-General Portlock's *' Rudiments of Geology." 
By Ralph Tate, A.L.S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph- 
Tate, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of " Physical Geology," which sets forth the Leading Principles 

I of the Science; and "Historical Geology," which treats o( ihe Mineral 

and Organic Conditions of the Earth at each successive epock. By Ralph 

Tate, F.G.S ....... 4/6 



4 WEALES SCIENTIFIC AND TECHNICAL SERIES. 

MECHANICAL ENGINEERING. 
The Workman's Manual of EngineeFin^ Draiiring. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams . 3/6 

Fuels : Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Third Edition 2/0 

Fuel, Its Combustion and Uconomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Williams, A.I.C.E. With Exten- 
sive Additions by D. K. ClaSk, M.Inst.C.E. Fourth Edition . 3/6 

The Boilermaker's Assistant 

In Drawing^ Templating, and Calculating Boiler Work, &c. By J. Court- 
ney, Practical Boilermaker. Edited by D. K. Clark, C.E. . 2/0 

The Boiler-Maker's Ready Reckoner, 

with Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John COURTNEY. Edited by D. K. 

Clark, M.I.C.E. Fifth Edition 4/0 

\* T'Atf iasi tvjo Works in One Volume, half-bound, entitled " The Boiler- 
maker's Ready-Reckoner and Assistant." By J. Courtney and 
D. K. Clark. Price 7/0. 

Steam Boilers : 

Their Construction and Management. By R. Armstrong, C. E. Illustrated 

1/6 
Steam and Machinery Management. 

'A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E . . -2/6 

Steam and the Steam Sngine, 

Stationary and Portable. Being, an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition 3/6 

The Steam Engine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, C.E 1/6 

The Steam Engine. 

By Dr. Lardner. Illustrated . . . . . . . .1/6 

liocomotive Engines. 

By G. D. Dempsey, C. E. With large Additions treating of the Modern 
Locomotive, by D. K. Clark, M.Inst.C.E. ... . 3/0 

liooomotiire Engine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Eleventh Edition. 3;. 6d. ; cloth boards . 4/6 
Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Seventh Edition, 3;. 6d. ; cloth boards . 4/6 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. £. Crane. 
Fourth Edition 2/6 

Modern ISTorkshoit Practice, 

As applied to Marine, Land, and ' Locomotive Engines, Floating Docks, 
Dredgitig Machines, Bridges, Ship-buildiDg, &c. . By J. G. Winton. 
Fourth Edition, Illustrated , ' 3/6 

Mechanical Engineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler-lfard. By Francis Campin, C.E. 3/0 
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Elementary Engineering : 

A Manual for Young Marine Engineers and Apprentices. In tht form of 
Questions and Answers on Metals, Alloys, Strength of Alaterials, &c. 
By J. S. Brewer. Fifth Edition . ... .1/6 

Poisep in Motion : 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armovr, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Akmoue, C.E 2/6 

Practical Mechanism, 

And Machine Tools. By T. Baker, CE. With Remarks on Tools and , 
Machinery, by J. Nasmyth, CE 2/6 

Mechanics: 

Being a concise Exposition of the General Principles of Mechanical Science, 
and their Applications. By Charles ToMLiNSON, F.R.S. . .1/6 

Cranes (The Construction of). 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c. By Joseph Glynn, F.R.S. . . .1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser ... .... 2/6 

Practical Navigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, by Henry Law, C.E., and Prof. J. R. Young . 7/0 
Nairigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J, R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 

frefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
eries of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping. N.A 2/6 

Marine SSngines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by Georgs Carlisle, C.E. . . 4/6 

Naval Architecture : 

An Exposition of Elementary Principles. By James Peake - . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommerfeldt . ) jQ 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth T/6 

The Forms of Ships and Boats. 

By W. Bland. Tenth Edition, with numerous Illustrations and 
Models ... ... 1/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
ConstFuctional Iron and Steal Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Building Estates : 

A Treatise on the Development, Sale, Purchase, and Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Science of Building : 

An Elementary Treatise on the Principles of Construction. By E. Wvnd- 
HAM Tarn, M.A. Lond. Fourth Edition 3/6 

The Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Q.C. (Lord Grim- 
thorfe). Second Edition 4-/6 

Swelling-Houses (The ElFection of), 

Illustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Bruck Allen. Twelfth Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. E. Allen, C.E 2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Roger Smith, F.R.I.B.A. New Edition, Revised . .1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Pavmg, Tiling, &c. By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With go Engravings ... .1/6 

Brickisork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c. By F. Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.I.B.A. Additions by 
C. Tomlinson, F.R.S. Illustrated ... . . 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.C.E.; 
Practical Bricklaying, by A. Hammond ; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustrations, half-bound . . 6/0 

Carpentry and Joinery — 

The Elementary Principles of Carpentry. Chieflycompos.ed from the 
Standard Work of Thomas Tredgold, C.E. With Additions, and Treatise 
ON Joinery, by E. W. Tarn, M.A. Eighth Edition . . . 3/g 

Carpentry and Joinery — Atlas 

Of 35 Plates to accompany and Illustrate the forejjoing book. With 
Descriptive Letterpress. 4to . . 6/0 
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A Practical Treatise on Handrailing ; 

Showing New and Simple Methods. By Geo. Collings. Third Edition, 
including a Treatise on Stairbuilding. With Plates . , . 2/6 

Circular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters. By Geo. Collings 2/0 

The Construction of Roofs of 'Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Humber. By 
E. Wyndh AM Tarn, M. A., Architect. Fourth Edition . . -1/6 

The Joints Made and Used by Builders. 

By WVviLL J. Christy, Architect. With i6o Woodcuts , , 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By George 
H. Blagrove. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Ninth Edition, with 512 Illustrations 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

ACompendiumof Plain and Ornamental Plaster Work. ByW. Kemp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing;, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . 5/0 
*»* The above t in cloth boards, strongly hound^ 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Houses, &c. By James W. Facey. Illustrated 2/0 

Practical House Decoration. 

A Guide fo the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W. Facey 

2/6 
•^* TJt£ last two Works in One handsome Vol., half-bound, entitled " House 
Decoration, Elementary and Practical," ^nc^ 5/0* 

Portland Cement for Users. 

By Henry Faija, A.M. Inst.C.E. Third Edition, Corrected . . 2/0 

Liimes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. BUENELL C.E. Fifteenth Edition 1/6 
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Masonry and Stone-Cutting. 

The Principles of Masonic Projection and tlreir application to Construction. 
By Edward DoBSON, M.R.I.B.A. ... . . 2/6 

Arches, Piers, Buttresses, &c. : 

Experimental Essays on tlie Principles of Construction. By W. Bland, 

Quantities and Measurements, 

In Bricklayers', Masons', Plasterers'^ Plumbers', Painters', Paperhangers', 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Beaton. 1/6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Etone. By R. 
HoRTON. Sixth Edition 4/0 

Guide to Superficial Measurement : 

Tables calculated from i to 200 inches in length, by i to 108 inches in 
breadth. For the use of Architects, Surveyors, Engineers, Timber Mer- 
chants, Builders, &c. By James Hawkings. Fifth Edition . . 3/6 

Liight: 

An Introduction to the Science of Optics. For the Use of Students of Archi- 
tecture, Engineering, and other Applied Sciences. By E. W. Tarn, 
M.A 1/6 

Hints to Voung Architects. 

By George Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN GuiLLAUME, Architect 3/6 

Architecture— Orders : 

The Orders and their Esthetic Principles. By W. H. Leeds. Illustrated. 

1/6 
Architecture — Styles : 

, The History and Description of the Styles of Architecture of Various 
* Countries, from the Earliest Period. By T. Talbot Bury . . 2/0 
\* Orders and Styles of Architecture, z'm One Vol.^ 3/6. 

Architecture— Design : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated 2/6 

*»* The three preceding Works in One handsome Vol., half-bound, entitled 
"Modern Architecture," /Wcf 6/0- 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By George Pyne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gesf,ert and Emanuel Otto Fromberg. With 
an Appendix on The Art of Enamelling 2/6 

Vitruvius — The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A., 

F.R.A.S. With 23 Plates 5/0 

N.B.—This is the only Edition «/'VlTBDVlus procuraile at a moderate price. 

Grecian Architecture, ■* 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
RiseandProgressofthe Art in Greece. By the Earl of Aberdeen. 1 /(> 
*#* The two preceding Works in One handsome Vol., half-hound, entitled 
"Ancient Architecture," price 6/0. 
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INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Glues, and Gums. 

A Guide to the Manufacture and Application of Agglutinants. With goo 
Recipes and Formulae. By H. C. Standage 2/0 

Clocks, Watches, and Bells for Public Purposes. 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpe^ 
LL.D,, K.C, F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks. [Just published. A-/S 

*#* TAe above, handsomely bounds cloth Boards, S/G- 

Electro-Metallurgy, 

Practically Treated. By Alexander Watt. Tenth Edition . 3/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing,. 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels^ 

&c., &c. By George E. Gee. Sixth Edition 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Gee. 3/0 
%* The last two Works, in One hanasome Vol., half-bound, Y/O- 

The Hall-Marking of Jevrellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall 
Marks at the various Assay Offices. By George E. Gee . . 3/0 

French Polishing and Enamelling. 

Numerous Recipes for making Polishes, Varnishes, &c. By R. Bitmead. 

1/S 
Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coach-Building : 

A Practical Treatise. By James W. BuKGESS. With 57 Illustrations 2/6 

The Cabinet-Maker's Guide 

To the Entire Construction of Cabinet-Work. By R. Bitmead . 2/6 

The Brass Founder's Ilanual: 

Instructions for Modelling, Pattern Making, &c. By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Crane. 1 /S 

Seising Machinery: 

Its Construction, History, &c By J. W. Urquhart, C.E. . 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. New Edition . . 2/6 
Construction of Door Locks. 

From the Papers of A. C. HoBSS. Edited by C. Tomlinson, F.R.S. 2/6 

The Model Jjocomotive Engineer, Fireman, and 
BSngine-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Easy. 

By J. G. Bauenoch. With 12 full-page Engravings of Examples . 1 /S 

The Art of Boot and Shoemaking. 

Measurement, Last-fitting, Cutting-out, Closing, &c. By J. B. Leno. 2/0 

Mechanical Dentistry : 

By Charles Hunter. Fourth Edition 3/0 

VTood Engraving: 

A Practical and Easy Introduction to the Art. By W. N. Brow?, . 1 /6 

Laundry Management. 

A Handbook for Use in Private and Public Laundries . . . 2/0 



10 WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 



AGRICULTURE, GARDENING, ETC. 
Draining and Bmbanking: 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and IBFater Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c. ; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Zllustiations 1/6 

Farm Roada, Fences, and Gates: 

A Practical Treatise on the Roads, Traniways,_ and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scotx. With 75 Illustrations . 1 /6 

Farm Buildings -. 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Sc6tt, With 105 Illustrations 2/0 

Barn Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0 
Field Implements and Machines : 

with Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations . 2/0 

Agricultural Surveying : 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 62 Illustrations . 1 /g 

Farm Bngineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
r,rSO pages, and over 600 Illustrations. Half-bound . . , -j 2/0 

Outlines of Farm Management. 

Treating of the General Worji of the Farm ; Stock ; Contract Work ; 
Labour, &c. By R. Scott Burn ... . . 2/6 

Outlines of IJanded Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Economy. 

(Vol. II. Outlines of Modern Farming.) By R. Scott Burn 3/0 

Stock : Cattle, Sheep, and Horses. 

(Vol. III. Outlines of Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Reclamation 
of "Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 
Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the abcve Five Velumes in One, 
1,250 pp., profusely Illustrated, half-bound . . 12/0 
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Book-keeping for FarineFS and Estate Onrners. 

A Practical Treatise, presenting, in Three Plans, a system adapted for all 
classes of Farms. By J. M. Woodman. Fourth Edition . . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Revised and extended by C. NoRRis. Fifth Edition 2/0 

Miller's, Corn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. HuTTON, C.E ... 2/0 

The Hay and Strais Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steele .... . . 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart ... . ... 2/6 

Sheep : 

The History, Structure, Economy, and Diseases of. By W. C. Spooner, 
M.R.V.S. Fifth Edition, with fine Engravings . . 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of "Gardening Illustrated" . . 3/6 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glenny. Illustrated . . . • . ■ 1/6 

Cottage Gardening : 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday, 

1/6 
Garden Receipts. 

Edited by Charles W. Quin 1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Do 
Breuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator: 

with numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood . .... 2/0 

The Tree Pruner : 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1/6 

•,• The above Two Vols, in Oite^ handsonuly half-hound^ price 3/6- 

The Art of Grafting and Budding. 

By Charles Baltet. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Descriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates .... .... 2/0 

Practical Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Conic Sections, 

A Rudimentary Treatise on. By James Hank. A New Edition, re- 
written and enlarged by Professor J . R.Young .... 2/0 

Euclid (The Elements of). 

with many Additional Propositions and Explanatory Notes •, to which is 

prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

*** Soid also separately, viz : — 

Eticlid. The First Three Books. By Henry Law, C.E. . . .1/6 

Suclid. Books 4, 3, 6, 11, 12. By Henry Law, C.E. . . .1/6 

Plane Trigonometry, 

The Elements of. By Jame.s Hakh 1/6 

Spherical Trigonometry, 

The Elements of. By James Hann. Revised by Charles H. Dow- 
LI.IG, C.E 1/0 

*^* Or with" The Elements 0/ Plane Trigonometry," in One Volume, 2/6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhousb, F.R.A.S., &c . . 1/6 

Integral Calculus. 

By HOMERSHAM COX, B.A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 

German. By James Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition ... . 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which .all Calculations may be greatly 
facilitated. By W. Hifsley 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. Ey James 
Haddon, M.A. Revised by Abraham Arman . . . .1/6 
A Key to the Above. 

By A. Arman . ... 1/6 
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Mathematical Instruments : 

Their Construction, Adjustment, Testing, and Use concisely Explained. 

By J. F. Heathek, M.A., of the Royal Military Academy, Woolwich. 

Fifteenth Edition, Revised, with Additions, by A. T. Walmisley, 

M.I.C.E. Orifjinal Edition, in i vol., Illustrated .... 2/0 
*^* In ordering the abave^ be careful to say ^* Original Edition" or give the 
nujnber in the Series (32), to distinguish it from the Enlarged Edition in 
3 vols, {as follozvs) — 

Draisring and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Pbjis. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. . 1/6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Plans by Photography. By J. F. Heather, 
M.A. Illustrated . l /6 

Surveying and Astronomical Instruments. 

Including — I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Heather, M.A. Illustrated. . . .1/6 
*»'* 1'h^ aiove three volumes form an enlargement of the Arithor's original •work, 
^*^ Mathematical InstrunteittSy' price 2/0* {pescribed at top of page.) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re-written. 
The Three Parts as above, in One thick Volume. .... 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
CE. With a Slide Rule, in tuck of cover. Eighth Edition 2/6 

XiOgarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.E. Revised Edition . . 3/0 

Compound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes. By Fedor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which i.s 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Seiies of Tables for Navigation and Nautical Astronomy. By Professcr J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &:c. 
Third Edition . . , 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and cor- 
© reeled to the Present Time. By W. T. Lynn, F.R.A.S. . . . 2/0 

Statics and Dynamics, 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baker, C.E. 
Fourth Edition ... .*,... 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippe Daryl, B. A. 2/6 

Painting Popularly Explained. 

By T. J. GuLLiCK, Painter, and John Times, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 5/0 

A Dictionary of Terms used in Architecture, Build- 
ing, IJngineering, Mining, Metallurgy, Archss- 
ology, the Fine Arts, &c. 

ByJOHNWEALE. Sixth Edition. Edited by R. Hunt, F.R.S. . 5/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spencer . . 2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer •{ fQ 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c. By An Old Housekeeper . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . . 1/6 

The Elementary Principles of Electric liighting. 

By Alan A. Campbell Swinton, M.Inst.CE., M.I.E.E. Fifth 
Edition Uust Published 1/6 

The Electric Telegraph, 

Its History and Progress. By R. Sabine, C.E., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollvs, F.R.G.S. With 163 Woodcuts . 3/0 

liOgic, 

Pure and Applied. By S. H. Emmens . . -1/6 

Iiocke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . . .1/6 

The Compendious Calculator 

{Intuitive Calculation^. Or Easy and Concise Methods of Performine the 
various Arithmetical Operations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty-eighth Edition, carefully revised by C. Norris . . '• . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
B7W. S. E. WooLHOusE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammap of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the English Language. 

As Spoken and Written. Containing above 100,000 Words. By HvDB 
Clarke, D.C.L 3/6 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Bkenan. Nineteenth Edition.. 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D .... 1 /6 

English-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English-French, complete in 
One Vol . . . . 3/0 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues .... 1 /6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol.1. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. H. English-French-Italian . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

*^* Or wiih the Crammatc, 6/0- 
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Portuguese Grammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwes. 1/6 

Portuguese -English and English -Portuguese Dic- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised 5/0 

*,* Or with the Grammar, 7/0. 
Animal Physics, 

Handbook of. ByDlONYSius Lardner, D.C.L. With 520 Illustrations. 

In One Vol. (732 pages), cloth boards 7/6 

%* Sold also in Two Paris, as follows:— 
Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4/0 
Animal Physics. By Dr. Lardner. Part IL , Chapters VIII.— XVIII. 

3/0 
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MECHANICAL ENGINEERING, ETC. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

Comprising Tables, Formuls, Kules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M. Ipst. C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powles, 
A.M.I. C.E., M.I.M.E. Small 8vo, 700 pp., bound in flexible Leather Cover, 
rounded corners. [/usi Published, Net 6/0 

summary of contents '.—mathematical tables.— measurement of surfaces 
and solids.— english weights and measures.— french metric weights and 
measures.— foreign weights and measures.— moneys.— specific gravity, 
weight, and volume.— manufactured metals.— steel pipes.— bolts and nuts.— 
Sundry articles in Wrought and Cast Iron, Copper, brass. Lead, tin, Zinc- 
Strength OF MATERIALS. — Strength of Timber.— Strength of Cast Iron- 
Strength OF WROUGHT Iron.— strength of Steel.— Tensile strength of Copper, 
lead, &c.— Resistance of StoneS and other Building Materials.— Riveted Joints 
IN boiler plates.— Boiler shells.— wire Ropes and hemp ropes.— Chains and 
ChainCables.— Framing.— hardness of Metals, alloys, and stones.— Labour of 
ANIMALS.— Mechanical principles.— Gravity and fall of Bodies.— accelerating 
and retarding forces.— mill gearing, Shafting, &c.— Transmission of Motive 
POWER.— HEAT.— Combustion: fuels.— warming, ventilation, cooking Stoves.— 
steam.— Steam engines and boilers.— Railways.— tramways.— Steam Ships.— 
Pumping Steam engines and pumps.— Coal gas. Gas engines, &c.— Air in Motion. 
—Compressed air.— hot air engines.— water power.— speed of Cutting tools. 
—Colours.— Electrical engineering. 

" Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket- 
book, cind be is really unrivalled in the art of condensation. It is very difficult to hit upon any 
mechanical engineering subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utility. In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer wiU be saved mciny a wearisome osculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
It to our readers."— T"** Engineer. 

"It would be found difficult to compress more matter within a similar compass, or produce a 
book of 700 pages which should be more compact or convenient for pocket reference. . , . Will 
be appreciated by mechanical engineers of all classes,"— Practical Engineer. 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



THE WORKS' MANAGER'S HANDBOOK. 

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly 
bound 1 5/0 

W9^ The Author having compiled Rules and Data /or his own use in a great 
variety of modern engineering work, and having found hts notes extremely useful, 
decided to publish them — revised to date — believing that a practical work, suited to 
/Ac DAILY REQUIREMENTS OF MODERN ENGINEERS, would Be favourably received, 

" or this edition we may repeat the appreciative remarks we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, although the 
total number of pages remains almost the same. It is a very useful collection of rules, tables, and 
workshop and drawing ofHce data." — T/ie Engineer, May lo, t89<. 

" The author treats every subject from the point of view of one who has collected workshop 
notes for appjication In workshop practice, rather than from the theoretical or literary aspect. The 
volume contams a great deal of that kind of informatioit which is gfiined only by practical experience, 
and is seldom written in books." — The Engineer, June s, 1885. 

" The volume is an exceedingly useful one, brimful with en^neer's notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer's bookshelf." — Mechanical World. 

" The information is precisely that likely to be required in practice. . . . The work forms 
a desirable addition to the Ubrary not only of the works' manager, but of any one connected with 
general enjfineering, " — Mining yournal, 

" Brimful of useful information, stated in a concise form, Mr. Hutton's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical man 
possessmg a copy. "^Practical Engineer. 

THE PRACTICAL ENQINEER'S HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a larg^e collection of Rules and Practical 
Data relating; to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modern Mechanical Engineering, By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbook 
for Engineers," &c. With upwards of 420 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 

ijust Published. 1 8/0 

■19^ This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 420 Engravings ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHER Engineering Work. 

"We have kept it at hand^for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were In quest." 
— Athenaufn, 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to him," — Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering." — Scotsman. 

"This valuable manual embodies the results and experience of the leading authorities od 
mechimical engineering," — Bjtilding News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium." — Engineer. 

" A mass of information set down in sunple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference,"— /•»ia<:/i'c«^ Engineer. 

" Full of useful information, and should be found on the officeshelf of all practical engineers." 
—English Mechanic, 
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MR. MUTTON'S PRACTICAL HAHDBOOKS-continued. 



STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 

Containing a large Collection of Rules and Data relating to Recent Practice 

in the Design, Construction, and Working of all Kinds of Stationary, Loco* 

motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 

Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 

Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 

Third Edition, thoroughly Revised, in part Re-written, and much Enlarged. 

Medium 8vo, over 600 pages, cloth, strongly bound .... 1 8/0 

B^T* This Work is issued in continuation of the Series of Handbooks written 

by the Author, viz. : — "The Works' Manager's Handbook " and "The Practical 

Engineer's Handbook," which are so highly appreciated by engineers for the 

practical nature of their information ; and is consequently written in the same style 

as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical information on Steam- 
Boilers, will be of considerable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

" One of the best, if not the best, books on boilers that has ever been published. The infor- 
mation is of the right kind, in a simple and accessible form. So far as generation is concerned, this 
Is, undoubtedly, the standard book on steam practice." — Electrical Reidevi. 

" Every detail, both In boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /in de siicle Engineer and Works Mane^er." 
— Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
In the construction, design, selection, or use of boilers." — Engineer. 

" The book is of so important and comprehensive a character that it must find its way-into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
Informed. We strongly recommend the book for the intrinsic value of its contents." — Machinery 
Market. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author of 
" The Engmeer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook," "The Practical Engineer's Hand- 
book," &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus- 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 
" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will ouen find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton,' " — English Mechanic, 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in hfe to this little hook.."— Building 
News. 

" This familiar text -book — well known to all mechanics and engineers — is of essential service 
to the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering and builcHng. The new modernised edition is worth its weight in gold."— Building 
News. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and drauehtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical JVorld. 

"The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than whom a more competent man they could not have found." — Iron. 



ENGINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. i8mo, cloth . . . . , . 2/6 

"Occupies a foremost place among books of this land. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made."~Buileling News. 

" A deservedly popular work. It should be in the ' drawer ' of every mechanic.'*— Eft^lish 
Meek'"'- 
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THB MECHANICAL ENGINBER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . Nei £3 3sa 
PART I.— Measures.— Circumferences and Areas, &c., squares, Cubes, 

FOURTH POWERS.— SQUARE AND CUBE ROOTS.— SURFACE OF TUBES.— REC IP ROC AI-S.— 
LOGARITHMS. — MENSURATION. — SPECIFIC GRAVITIES AND WEIGHTS.— WORK AND 
POWER. — HEAT. — COMBUSTION. — EXPANSION AND CONTRACTION. — EXPANSION OF 

Gases.— STEAM.— STATIC forces.— Gravitation and Attraction.— motion and 

COMPUTATION of RESULTING FORCES.— ACCUMULATED WORK.— CENTRE AND RADIUS 

OF Gyration.— MOMENT of Inertia.— Centre of Oscillation.— Electricity.— 
Strength of Materials.— Elasticity.— Test Sheets of Metals.— Friction.— 
Transmission of Power.— flow of Liquids.— Flow of Gases.—Air Pumps, Surface 
Condensers, &c.— Speed of Steamships.— propellers.— Cutting Tools.— Flanges. 
—Copper Sheets and tubes.- Screws, Nuts, Bolt Heads, &c.— Various Recipes 
AND Miscellaneous matter.— With DIAGRAMS for Valve-Gear, Belting and 

ROPES, discharge AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES. 

part ii.— treating of power of boilers.— useful ratios.— notes on 
construction. — cylindrical boiler shells. — circular furnaces. — flat 
plates.— stays. — girders.— screws. — hydraulic tests. — riveting. — boiler 
Setting, Chimneys, and mountings.— Fuels, &c.— Examples of boilers and Speeds 
OF Steamships.— Nominal and Normal Horse power.--with DIAGRAMS for all 
Boiler Calculations and Drawings of many Varieties of Boilers. 

" Mr. Foley is well fitted to compile such a work. The diagrams are a great feature of the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers." — Marine Engineer. 

"We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engmeere." — youmal 0/ American Society 0/ Naval Engineers, 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 

of " The Mechanical Engineer's Reference Book." Pocket size, cloth . 3/9 

" These tables are designed to meet the requirements of every-day use; they are of sufficient 

scope for most practical purposes, and may be commended to engineers and users of steam." — Iron. 

TEXT=BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Engines, ai d Part II. on Heat Engines. By 
T. M. GooDEVE, M.A., Barrister-at-Law, Professor oi Mechanics at the Royal 
College of Science, London ; Author of "The Principles of Mechanics," " The 
Elements of Mechanism," &c. Fourteenth Edition. Crown 8vo, cloth . 6/0 
" Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can awaid it no higher praise," — Engineer. 

" Mr, Goodeve's text-book is a work of which every young engineer should possess himself," 
— Mining yoHrnal, 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDEVE, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. 
It is a valuable little voluTtie." —Mechanical PForld, 

THE GAS-ENQINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W, 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

jy^^ 8/6 

A TREATISE ON 5TEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E, 
Fifth Edition. i2mo, cloth 6/0 

" The best treatise that has ever been published on steam hoTi.GTS."— Engineer. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
Measures, and other Data. Also Practical Rules for Engine Proportions. By 
R. EjpwARDS, M.Inst.C.E. Fcap. 8vo, cloth. 3/5 

"A very useful little volume. It contains many tables, classified data and memoranda 
generally useful to engineers,"— £?ii?t'««n 

"What it professes to be, ' a handy office companion,' givii^ !n a succinct form, a variety of 
information Ukely to be required by mechanical engineers in their everyday office work."— A'a(«rc. 



MECHANICAL ENGINEERING, &-e. 



A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Haeder, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly i,ioo Illustrations. Crown 8vo, 

cloth J^et 7/6 

" A perfect encyclopaedia of the stecun engine and its details, and one which must take a per- 
manent place in English drawine-offices and workshops." — A Foreman PatUm-maker. 

" This is an excellent book, and should be in the hands of all who are interested in the con* 
struction and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like It 
hi this country. The volume aims at showing the results of practical expenence, cind it certaunly 
may claim a complete achievement of this idea." — Nature. 

"There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam engine," — Mechanical World, 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors. 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 
Crown 8vo, cloth 3/6 

" A valuable contribution to the literature of scientific building." — The Builder. 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Fou'th Edition, 480 pp., with 140 Illustrations. Fcap. 8vc, half- 
bound . 7/0 

" No workman or apprentice should be without this book." — Iron Trade Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M. Inst.C.E., Author of " Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. 

[Just PublisJted. Net 1 5/0 

"The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a lai^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — Steamship. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book." — Glasgow Herald. 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ FOR 1903. 

Edited by A. J. Wallis-Tayler, A.M.Inst. C.E. Author of " Refrigerating 
and Ice-making Machinery," &c. Small Crown 8vo, cloth. 

Ufst Published. Net 2/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth. 

[Just Published. 7/6 

" Practical, explicit, and profusely illustrated."— G&x^tnc Herald, 

" We recommend the book, which gives the cost of various systems and illustrations showing 
details of parts of machinery and general arrangements of complete installations." — Builder, 

" May be recommended as a useful description of the machinery, the processes, and of the 
fact3, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject. —JEngifteer, 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Tayler, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 218 
Illustrations. {/ust Published. Net 25/0 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery." — Jottmal Societyo/Arts, 



6 Crosby tockWoob ^ ^oM'Is cAtALocOk. 

ENQINEERINO E5TIMATE5, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engiheering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productiohs, Steam Engines and 
Steam Boilers ; and a Section on the Preparation of Costs Accouhts. By 
A General Manager. Second Editibh. 8vo, cloth. ; . ; . 12/0 
" This is an excellent and veiy useful bbok, coveHng subject-matter in constant requisition In 

every factory and workshop. . . . The bodk is itivaluable, riot only to the young engineer, but 

also to the estimate department of evety -woiiis." —Builder. 

" We accord the Work unqualified praise. The information is given In a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every phase of commercial engineering.'' — Mechanical Ivorld. 

AERIAL OR WIRE-ROPE TRAMWAYS, 

Their Construction and Management. BvA.J.Wallis-Tayler, A.M.Inst.C.E. 

With 8i Illustrations. Crown 8vo, cloth 7/6 

" This is in its way an excellent volume. Without going into the rainutise of the subject, it 
yet lays before its readers a very good exposition of the various systems of rope transmission in use, 
and gives as well not a little valuable information about their working, repair, and management. 
We can safely recommend it as a useful general treatise on the subject."— TA^ Engineer. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

R0AD5. 

By A. J. Wallis-Tayler, A. M. Inst. C.E., Author of "Modem Cycles," 
&c. 212 pp., with 76 Illustrations. Crown 8vo, cloth •- . . , 4/6 
" The book is clearly expressed throughout, and is just the sort of work that an engineer, 

thinking of turning his attention to motor-carriage work, would do well to read as a preUminary 

to startmg operations." — Engineering. 

PLATINQ AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. HoRNEKf 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . , 7/6 
" This work is characterised by that evidence of close acquaintance with workshop methods 
which will render the book exceedingly acceptable to the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with it in a satisfactory manner."— 
Mechanical JVorld. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts^ Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, estimatmg the weight of Castings &c. By Joseph G. Horner, 
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo, 
cloth. [Just Published. Net 7/6 

" A well-written technical guide, evidently written by a man who understcinds and has prac- 
tised what he has written about. . . . We cordially recommend it to engineering students, young 
ioumeymen, and others desirous of being initiated into the mysteries of pattern-making." — Builder. 

" An excellent vade mecuTn for the apprentice who desires to become master of his trade." 
—English Mechanic. 

MECHANICAL ENQINEERINQ TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. Com- 
prising upwards of 6,000 Definitions. Edited by J. G. Horner, A.M.I.M.E. 
Third Edition, Revised, with Additicns, Crown 8vo, cloth . . Net 7/6 
"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineering pupil will find the book of great value m his studies, and every 
foreman engineer and mechanic should have a copy."— Building News, 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By J. Hosner, A.M.I.M.E. 

With 184 Illustrations. Crown 8vo, cloth g/0 

" We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet vntlen."— Mechanical IVorld, 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage, 
ment; Foreign Fire Systems; Hints on Fire-Brigades, &c. By C. F. T. 
Young, C.E. 8vo, cloth £1 4g, 

'* To such of our readers as are interested in the subject of fires and fire apparatus we can 
most heartUy commend this \iQoV."~En£i»eering, 



MECHANICAL ENGINEERING, &^. 



AERIAL NAVIQATION. 

A Practical Handbook on the Construction of Dirigible Balloons, Aerostats,- 
Aeroplanes, and Aeremotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic Institute. With 104 Illustrations. Large Crown 
Svo, cloth. [JustPuilishsd. Net. 7/6 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 

Hints on the Arrangement and Management of Stone Works. By M. Powis 

Bale, M.I.M.E. Second Edition, enlarged. Crown Svo, cloth . . 9/0 

" The book should be In the hands of every mason or student of stonework."— C*//iir»'> 

Guarttian. 

"A capital handbook for all who manipulate stone for building or ornamental purposes."— 
Machinery market. 

PUMPS AND PUMPINQ. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Qrown 

Svo, cloth 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse- 
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to 
be of use." — youmal 0/ Gas LighHrig. 

" Thoroughly practical and clearly written."— G/rtJ-.c'cTy Herald. 

MILLINQ MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of * ' Lathe-Work. " With upwards of 300 Engravings. Large crown Svo, 

cloth 12/6 

"A new departure in engineering literature. . . . We can recommend this work to all in- 
terested in milling machines ; it is what it professes to be — a practical treatise." — EngiTteer. 

" A capital cuid reliable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as well as to those who contemplate its adoption."— 
Industries. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown Svo, 
cloth .... . *• 5/0 

" Written by a man who knows not only how work ought to be done, but who aUo knows hoit 
to do it, and how to convey his knowledge to others. To alltumers this book would bevaluable." — 
Engineering. 

" We can safely recommend the work to young engineers. To the amateur It will simply be 
nvaluable. To the student it will convey a great deal of useful Information."— i'wfii'wew. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 

of '* Lathe-Work," &c. Fifth Edition. Waistcoat-pocket size . .1/6 

' Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 

..ally are illustrated and their action descrioed." — Afec/tanical World. 

" It is a complete compendium of all the details of the screw-cutting lathe ; In feet, a multttm' 

in-farvo on all the subjects it treats M'poa."— Carpenter and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MBCHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, Formula, and Memoranda. Waistcoat-pocket size, 

'limp leather 1/6 

" It would, perhaps, be as difficult to make a small pocket-book selection ol notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt." — Engineer. 

'* The best example we have ever seen of 270 pages 01 useful matter packed Into the dlmen* 
^Vaas oi a. CdxA.-c3se."— Building News, "A veritable pocket treasury of knowledge."— /ffW. 

POCKET GLOSSARY OF TECHNICAL TERMS. 

Englbh- French, French-English; with Tables suitable for the Architectuial, 

Engineering, Manufacturing, and Nautical Professions. By John James 

Fletcher. Third Edition, 200 pp. Waistcoat-pocket size, limp leather 1/6 

" It is a very great advantage for readers and correspondents in France and England to ha-\e 

S3 la^e a number of the words relating to engineering and manufacturers collected m a liliputiEn 

volume. The little book will be useful both to students and travellers."— ^fcA»ferf. 

" The glossary of terms is very complete, and many of the Tables are new and well arranged. 
We cordially commend the hooy."— Mechanical World. 
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THE ENGINEER'S YEAR BOOK FOR 1903. 

Comprising Formulse, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering, By H. R. Kempe, A.M. Inst. C.E., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief's Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Book," &c. With i,ooo Illustrations, specially 
Engraved for the work. Crown Svo, about 1,000 pp., leather. 

[Just Published. 8/0 

"Kempe's Year Book really requires no commendation. Its sphere of usefulness is widely 
known, and it is used by engineers the world over." — The Engineer, 

"The volume is distinctly in advance of most similar publications in this country."— 
E»g€neertn£^. 

" This valuable and well-designed book of reference meets the demands of all descriptions of 
engineers." — Saturday Review. 

" Teems with up-to-date information in every branch of engineering and construction." — 
Building' News, 

" The needs of the engineerii^ profession could hardly be supplied in a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons is prziise of the 
highest sort, and that may justly be said oi it."— Mining yottmal, 

"There is certainly room for the newcomer, which supplies explanations and directions, as 
well as formula: and tables. It deserves to become one of the most successful of the technical 
annuals. " — Architect. 

" Brings together with great skill all the technical information which cm engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successful."— Scu/rwan. 

" The up-to-dateness of Mr. Kempe's compilation is a qucdity that will not be lost on the busy 
people for whom the work is intended." — Glasgom Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 

Wansbrough, Crown Svo, cloth 3/6 

" This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere." — Mark Lane Express. 

" We cordially commend this work to buyers and owners of steam-engines, and to those who 
have to do with their construction or use." — Timber Trades journal. 

" Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader 
should be acquired by ciU intelligent owners and dthers who use the ^Xsa-A-gd^Cok."— ^Building News, 
"An excellent text-book of this useful form of engine. The ' Hints to Purchasers' contain a 
good deal of common-sense and practical wisdom." — English Mechanic, 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoare, 
Author of "The Slide Rule," &c. Ninth Edition. 32mo, leather . 6/0 

" For comprehensiveness the book has not its equaL"— /rtw. 

" One of the best of the pocket \iQQ\:s,"— English Mechanic. 

CONDENSED MECHANICS. 

A Selection of Formulas, Rules, Tables, and Data for the Use of Engineering 
Students, &c. By W. G. C. Hughes, A.M.I.CE. Crown Svo, cloth . 2/6 
"The book Is well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae again.' — Marine Engineer. 

THE SAFE USE OF STEAM, 

Containing Rules for Unprofessional Steam Users. By an Engineer, Seventh 
Edition. Sewed 6d. 

"If steam-users would but learn this little book by heart, boiler explosions would become 
ticnsatlons by their rarity." — English Mechanic. 

THE CARE AND MANAGEMENT OF STATIONARY 

BNQINES. 

A Practical Handbook for Men-in-charge, By C. Hurst. Ctowh Svo, cloth. 

[Just Published. Net 1 /Q 



MECHANICAL ENGINEERING, &-c. g 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robert Weather- 
burn, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 8vo, cloth. J^ei 2/6 

summary of contents: —prologue. — cylinders. — motions. — connecting 
rods.— frames.— wheels. — pumps, clacks, &c. — injectors. — boilers.— smoke 
box.— chimney.— weather board and awning.— internal dissensions.— engine 
Drivers, &c. 

" It would be difficult to imagine anything more ingeniously planaed. more cleverly worked 
out, and more charmingly written. Readers, whether young or old, of a mechanical turn, cannot 
fail to find the volume most enjoyable as well as most instructive." — Giasg-ow Herald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1S03 and 1903. By Clement £. Stretton, C.E. Sixth Edition, 
Revised and Enlarged. With 130 Illustrations. Crown Svo, cloth. 

[Just Published. Net 4/6 

" Students of railway history and all who are interested in the evolution of the modem 
locomotive wiU find much to attract and entertain in this volume," — The Times. 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 

Michael Reynolds, formerly Locomotive Inspector, L. B. & S. C. R. 

Eleventh Edition. Including a Key to the Locomotive Engine. 

Crown Svo, cloth 4/6 

" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recom- 
mend the book not only to me practical driver, but to everyone who takes an interest in the 
performance of locomotive engines." — The Engiruer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable 
practical treatise, of the practical utility of which we have to speak in terms of warm commendation." 
—A thetueu m. 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 

Edition^ with Revised Appendix. Crown Svo, cloth 4/6 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine." — Iron. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By Michael Reynolds. Svo, cloth 

9/0 

" A popular explanation of the different brakes. It will be of great assistance in fonning 
public opimon, and wul be studied with benefit by those who take an interest in the brake." — English 
Mechanic, 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. With Plates and Woodcuts. 
Crown Svo, cloth 4/6 

" The author's advice on the various points created is clear and practicaL" — Engineering 
" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but cill about it."— Engineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventures and Incidents in the Lives of Locomotive Engine- 

Drivers. By Michael Reynolds. Third Edition. Crown Svo, cloth . 1 /6 

'* From iirst to last perfecdy fascinating. Wilkie Collins's most thrilling conceptions are 

thrown into the shade "iyy true incidents, endless in their variety, related in every page." — North 

British Mail, 

THE ENaiNEMAN'5 POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Reynolds. With 45 Illustrations and numerous Diagrams. 
Fourth Edition, Revised. Royal i8mo, strongly bound for pocket wear. 3/6 

" A most meritorious T*ork, giving in a succinct and practical form all the information an 
engine-minder desirous of mastering the scientific principles of his daily calling would requiie." — 
T/u Miller. 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THE COLONIES. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be Constructed, Worked, and Financed ; and detailing the Cost of 
Construction, Equipment, Revenueand Working Expenses. By J . C. MaCKAY, 
F.G.S., A.M. Inst. C.E. Illustrated with Plates and diagrams. 8vo, cloth 

IS/0 

"Mr. Mackay's volume is clearly and concisely written, admirably arranged, and freely 
illustrated. The book is exactly what has been long wanted. We recommend it to all interested 
in the subject. It is sure to have a wide sale." — Railway News. 

TUNNELLING. 

A Practical Treatise. By Chakles Pkelini, C.E. With additions by 
Charles S. Hill, C.E. With rso Diagrams and Illustrations. Royal 8vo, 
cloth . . Net ^ 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting -out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M.Inst. C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (i 895) Examples of Sub-aqueous and other Tunnels, by D. Kinnear 
Clark, M. Inst. C.E. With 34 Foldmg Plates, Imperial 8vo, cloth £2 2s. 
" The present (1896] edition has been brought right up to date, and is thus rendered a work to 
which civil engineers generally should have ready access, and to which engineers who have con- 
struction work can hardly afford to be without, but which to the younger members of the profession 
ts invaluable, as from its pages they can learn the state to which the science of tunnelling has 
aX.t^xlG6.."— Railway News. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS, 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. -C.E., Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended, With numerous 
Plates and Illustrations. Super-royal 8vo, huckram. [Just Published, 25/0 

I. INTRODUCTORY. — 11. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF 
WATER TO BE PROVIDED.— IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF 
SUPPLY IS SUFFICIENT.— V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED 
TO BE PROVIDED.— VI. CLASSIFICATION OF WATER -WORKS. —VII. IMPOUNDING RESER- 
VOIRS.— VIII, Earthwork dams.— ix. masonry Dams.— X. The Purification of 
WATER.— XI. Settling reservoirs.— xii. Sand Filtration.— XIII. Purification 

OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LiME, NATURAL 

Filtration.— XIV. Service or clean water Reservoirs— water Towers— Stand 
Pipes.— XV. the Connection of settling reservoirs, Filter beds and Service 
Reservoirs.— XVI. pumping machinery.— xvii. flow of water in Conduits- 
pipes AND open Channels.— xvii I. Distribution systems.— xix. Special Pro- 
visions for the extinction of Fire.— XX. Pipes for Water-works.— xxi. Pre- 
vention OF Waste of water.— xxii. Various appliances used in connection 
with Water-works. 

appendix I. By PROF. JOHN MILNE, F.R.S.— CONSIDERATIONS concerning THE 

Probable effects of Earthquakes on water-works, and the Special Pre- 
cautions to be taken in Earthquake countries. 

Appendix II. By JOHN DE RIJKE, C.E.— On Sand Dunes and Dune Sand as 
A Source of Water Supply. 

" The chapter upon filtration of water is very complete, and the details of construction well 
Illustrated. . . . The work should be specially valuable to civil engineers engaged in work in 
Japcin, but the interest is by no means conmied to that locality." — Engineer. 

"We congratulate the author upon the practical commonsense shown in the preparation of 
this work. . . . The plates and diagrcims have evidently been prepared with g^eat care, and 
caimot faU to be of great assistance to the student."— .^wtVi^. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Greenwell, A.M.I.C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 6/0 

" We conscientiously recommend it as a very useful book for those concerned in obtaining 

water for small districts, giving a great deal of practical information in a small compass."— BuilcUr. 

" The volume contains valuable information upon all matters connected with water supply. 

. . It is full of details on points which are continually before water-works engineers." — Nature. 



THE WATER SUPPLY OF CITIE5 AND TOWNS. 

By William Homber, A. M. Inst. C.E., and M. Inst M.E., Author of " Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 410, elegantly and substantially 
half-bound in morocco I^ei £6 6s. 

List of Contents. 
I. Historical Sketch of some of the means that have been adopted for 
THE Supply of water to Cities and towns.— ii. water and the foreign matter 

USUALLY associated WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.— V. MEASUREMENT AND 

Estimation of the Flow of water.— VI. On the Selection of the source of 
Supply.— VII. wells.— Vlll. Reservoirs.— IX. The purification of Water.— 
X. PUMPS.— XI. pumping machinery.— XII. Conduits.— XIII. Distribution of Water. 
—XIV. Meters, Service Pipes, and house Fittings.— XV. the law and economy of 
water-works.— 5cvi, constant and intermittent supply.— xvii. description of 
Plates.— Appendices, giving Tables of Rates of Supply, Velocities, &c., &c., 
together with specifications of several works illustrated, among which 
will be found : aberdeen. bldeford, canterbury, dundee, halifax, lambeth, 
rotherham, dublin, and others. 

" The most systematic and valuable work upon water supply; hitherto produced in English, or 
in any other language. Kir. number's work is characterised almost throughout by an 
exhaustiveness much more distinctive of French and German than of English technical treatises," 
—£tt£ineer. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8vo, cloth. [/usi Published. Net 9/0 

Summary of Contents 
Principles of Hydraulics.— the flow of Water.— hydraulic Pressures, 
Material.— TEST Load Packings for Sliding Surfaces.— Pipe joints.— con- 
trolling valves.— PLATFORM LIFTS.— WORKSHOP AND FOUNDRY CRANES.— WARE- 
HOUSE AND Dock cranes.— Hydraulic accumulators^— presses for Baling and 
OTHER purposes.— Sheet metal working and forging Machinery.— hydraulic 
RivETTERS.— Hand, Power, and steam pumps.— Tuebines.—Impulse turbines, 
—reaction Turbines.— design of turbines in Detail.— water wheels.— 
Hydraulic Engines.— recent achievements.— Pressure of Water.— action of 
PUMPS, &c. 

" We have nothing but praise for this thorouglily valuable work. The author has succeeded 
in rendering his subject interesting as well as instructive." — Practical Engineer, 

" Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of power," — Mechanical World. 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULA. 

For Finding the Discharge of Water from OrificeSj Notches, Weirs, Pipes, and 
Rivers. With New FormuUe, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Edition, 
revised, with considerable additions. Numerous Illustrations. Crown Svo, 

cloth .... 14/0 

'* It is, of all English books on the subject, the one nearest to completeness."— -4»-fA»(^c-^ 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 

Edition, Enlarged. Large crown Svo, cloth 1 6/0 

" The author has constructed 3 manual which may be accepted as a trustworthy guide 
tu this branch of the engineer's profession." — Engineering. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
ByCHARLEsSLAGG, A.M.Inst.C.E. Second Edition. Crown Svo, cloth . 7/6 
"As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent." — Eneintering. 

"The author has collated the resuhs deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
and detailed explEuiations, . . . The application of -w atcr as a motive power is treated very 
carefully and exhaustively." — Builder. 
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THE RECLAMATION OP LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Alex. Beazeley, M.Inst. C.E. 8vo, cloth. 

Jfet 10/6 
" The book shows in a concise way what hcis to be done in reclaiming land from the sea, ^d 
the best way of doing it. The work contains a great deal of practical and usefiilinformation which 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners intending to reclaim land from the sea."— TTic Engineer, 

"The author, has carried out his task efficiently ^d well, and his book contams a large 
amount of information of great service to engineers and others interested in works of reclamation." 
—Natitre. 

MASONRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 

C. F. Courtney, M. Inst. C.E. 8vo, cloth 9/0 

" The volume contains a good deal of valuable data. Many useful suggestions will be found 

In the remarks on site and position, location of dam, foundations and construction."— ^wi/(^i»^ 

News. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to-the Dublin Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recommend <iU interested in harbour works — and, indeed, those concerned In the 
improvements of rivers generally — to read Mr. Mami's interesting work," — Engineer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly JRevised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnear Clark, M. Inst. C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volume is one which will rank, among tramway engineers and those interested in 
tramway working, with the Author's world-famed book on railway machinery." — The Engineer. 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. 

Including the Setting-out of Works forConslruction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Ofl&ce, intended also as a Text-book for Students. By John White- 
law, Jun., A.M. Inst. C.E., Author of " Points and Crossings." With about 
260 Illustrations. Demy 8vo, cloth. \Jusi Published. Net 10/6 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— T'Ae Builder. 

PRACTICAL SURVEYINQ. 

A Text-Book for Students preparing for Examinations or for Sur\'ey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. With 4 Lithographic 
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables 
of Natural Sines, Tangents, Secants, &c. Crown Svo, 7/6 cloth ; or, on Thin 
Paper, leather, gilt edges, rounded corners, for pocket use . . .1 2/6 
" The best forms of instruments are described as to their construction, uses and modes 

of employment, and there are innumerable hints on work and equipment such as the author, In 

his experience as surveyor, draughtsman and teacher, has found necessary, and which the student^ 

In his inexperience will find most serviceable." — Engineer. 

"The first book which shbuld be put in the hands of a pupil of Civil Engineering."— 

Architect. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A.M.I. C.E. Second Edition, Enlarged. Svo, 

cloth 1 2/6 

" Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recoimnend 
this book as cont^idng an admirable supplement to the teaching of the accomplished surveyor."— 
Atheneeufn. 

" The author brings to bis work a fortunate union of theory and practical experience which 
aided by a clear and lucid s^le of writing, renders the book a very useful QJM,"—BuiUkr, 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10/6 
"The work is very clearly written, and should remove all difficulties the way of any surveyor 
desirous of maldiig use of this useful and rapid instrument."— A'iift<r«. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 
Tables, &c. By W, Davis Haskoll, C.E. With numerous Woodcuts. 

Fourth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

" The book is very handy ; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genuine traverse tables existing a the same.' —Athtnaum. 

LAND AND MARINE SURVEYINQ. 

In Reference to the Preparation of Flans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies ; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, wiui Additions. Large crown 8vo, cloth . . . 9/0 
"This book must prove of ^eat value to the student. We have no hesitation in recom- 
mending It, feeling assured that it will more than repay a careful study." — Mechanical iVorld. 

" A most useful book for the student. We can strongly recommend it as a carefully-written 
and valuable text-book. It enjoys a well-deserved repute among surveyors." — Builder. 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, M. Inst. C.E. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Trautwine's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo 8/6 



AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIGONOMETRICAL SURVEY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili< 

taiy Reconnaissance, LEVELLING, &c., with Useful Problems, Formula. 

and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised and 

partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 

With 19 Plates and 115 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily' maintained 

by this work. Sir Charles Warren has revised the entire work, and made such additions as were 

necessary to brin^ every portion of the contents up to the present date," — Broad Arrow. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
FOR 5ETTINQ-0UT CURVES. 

From 5 to 200 Radius. By A. Beazelev, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves: Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

3/6 

"Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument — no small advantage as regards the rapidity of work." — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest \>t[aiid"—Athenaiim. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On » Rhaet mounted in cloth case. 3/6 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of 
Heights or Depths up to an average of So feet. By Joseph Broadbent, C.E., 

and Francis Campin, C.E. Crown 8vo, cloth 5/0 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in which are constant and one variable, is ingenious." — Athenaum. 

A MANUAL ON EARTHWORK. 

By Alex. J. Graham, C.E. With numerous Diagrams. Second Edition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARQB TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 
" Many of the methods g^ven are of extreme practiced value to the mason, and the observa- 
tions on the form of arch, the rules for ordering the stone, and the construction of the templates, 
will be found of considerable use. We commend the book to the engineering profession."— 
SuiidtHP' News. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much 
time and obviate many m&\s^<e&" -—Colliery Guardian. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Hdmber, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im< 
proved, with 115 Double Plates(2o of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

morocco £6 1 Ga. So. 

" A venr valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details are given, which very much enhcmce the 
Instructive worth of those illustrations." — Civil Engineer and Architetts youmal. 

"Mr. number's stately volumes, lately issued — in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great 6.s\3.\[."— Engineer. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Georgk 
Watson Buck, M.I.CE. Fourth Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.CE. 
Royal 8vo, cloth 1 2/0 

" The standard text -book for all engineers regarding skew arches is Mr. Buck's treatise, 
and it would be impossible to consult a better." — Engineer. 

""' " ' ' ' Hoard ' 



" Mr. Buck's treatise is recognised as a standard text-book, cmd his treatment has divested 
tne subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— ^Mi/iftMf News, 



THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). , By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R, Hudson Graham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied." — Engineer. 

" The work is excellent from a practical point of view, and has c/idently been prepared 
with much care. The directions for working are ample, and are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— ^/ft^w««*w(. 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Bock, M. Inst. C.E. On a Sheet .... g/g 
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PRACTICAL QEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineatioa 
and Amjlication of various Geometrical Lines, Figures, and Curves. By 

E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

"No book with the same objects view has ever been published in which the clearness of 
the rules iiid down and the illustrative diagrams have been so satisfactory."— S«/f»»a«. 

THE QEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Olives Byrne. Coloured Plates. 
Crown 8vo, cloth ... 3/6 

HANDY BOOK FOR THE CALCULATION of 5TRAJN5 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c. By William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly loo Woodcuts and 3 Plates, cloth . . . 7/6 

" The fonnulae are neatly expressed, and the diagrams good."—AiheMisum. 

" We heartily commend this really handy book to our engineer and architect readers. -^ 
Enfflish Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 
Weights, Safe Loads, Scantlings, and Details of Construction? With Complete 
Working Drawings. By William Griffiths, Surveyor, Assistant Master, 
Tranmere School of Science and Art. Oblong, Svo, cloth . . . 4/6 
"This handy little book enters so minutely into every detail connected with the con- 
struction of roof trusses that nostudent need be ignorant of these matters. "—/'»-acAVa/£'?fft'««>-. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Sheilds, M.I.C.E. 
Svo, cloth 5/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formulae for calculating Girders, &c. Arranged and Edited by Wm. Humber, 
A, M.Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 

Woodcuts, cbth .1 8/0 

" Valuable alike to the student, tyro, and the experienced practitioner, it will always rank 

in future as it has hitherto done, as the standard treatise on that particular &\ih}ec\.."~-En£ineer. 

"As a scientific work of the first class, it deserves a foremost place on the bookshelves of 

every civil eng^ineer and practical mechanic." — English Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De- 
scription of Modern Appliances and Systems. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Society of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 

Enlarged. Crown Svo, cloth 3/6 

"A book for the engineer, the directors, the managfers; and, in short, all who wish for 

ioformatlon on railway matters will find a perfect encyclopaedia in 'Scife Railway Working, ' " — 

Railway Xeinew. 

"The author may be con^atulated on having- collected, m a very convenient form, much 

valuable information on the principal questions affecting- the safe working of railways." — Railivay 

lin^jieei'. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Keily, C.E., late of the Indian Public Works Department. Crown 
Svo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
ether structures, is a laudable one, for this is a branch of physics upon which the engineer or 
archite^ '■='" *'"'' *>"t '«W« "raliabls jujd comorehensiye data m books." — Builder. 
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THE PROGRESS OF MODERN ENQINEERINQ. 

Complete in Four Volumes, impeiial 4to, half-morocco, price £12 ISs. 

Each volume sold separatelj[, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humbbr, 
A. M. Inst. C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3&. 

List of the Plates and Diagrams. 

Victoria station and roof, L. B. & S. C. R. (8 plates); Southport pier 
(2 PLATES) ; Victoria Station and Roof, l. C. & D. and G. W. R. (6 plates) ; Roof 
of Cremorne music Hall; Bridge over g. N. Railway; Roof of Station, 
DUTCH Rhenish Rail. (2 plates); Bridge over the Thames. West London 
Extension Railway (s plates) ; Armour pistes ; Suspension Bridge, Thames 
(4 plates); the Allen Engine; Suspension Bridge. Avon (3 plates); Under- 
ground Railway (3 plates). 

HUMBER'S MODERN ENGINEERING. 

Second Series. Imp. 4to, with 3 Douhle Plates, Photographic Portrait of 
Rohert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c. Half-morocco £3 Ss. 

List of the Plates and Diagrams. 

Birkenhead Docks, low water Basin (15 plates) ; Charing cross Station 
roof, c. C. Railway (3 plates) ; Digswell viaduct, Great Northern railway ; 
ROBBERY Wood Viaduct, Great Northern Railway"; iron permanent Way; 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway ; ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College wood 
Viaduct, Cornwall Railway; Dublin Winter palace roof (3 plates); bridge 
over the Thames, L. C. & d. railway (S plates); albert Harbour, Greenock 
(4 plates). 

HUMBER'S MODERN ENGINEERING. 

Third Series. Imp. 4to, with 40 Douhle Plates, Photo^aphic Portrait of 
J. R. M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £3 3si 

List of the Plates and Diagrams. 

Main Drainage, metropolis.— Wort* 5«fe.— Map showing interception of 
Sewers ; Middle Level Sewer (z plates) ; Outfall sewer, bridge over River 
Lea (3 plates) ; Outfall sewer, bridge over marsh lane. North Woolwich 
Railway, and Bow and Barking Railway junction ; outfall sewer, bridge over 
bow and barking Railway (3 plates) ; Outfall sewer, bridge over East London 
Water-works' feeder (2 plates) ; outfall sewer reservoir (z plates) ; Outfall 
Sewer, tumbling Bay and Outlet ; Outfall Sewer, Penstocks. South Side.— 
Outfall sewer, bermondsey branch (2 plates) ; outfall sewer, reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth Hoist ; Sections of Sewers North and 
South Sides). 

Thames embankment.— Section of River Wall ; Steamboat Pier, West- 
minster (2 plates) ; landing stairs between Charing Cross and Waterloo 

bridges ; YORK GATE (a PLATES) ; OVERFLOW AMD OUTLET AT SAVOY STREET SEWER 
(3 PLATES); STEAMBOAT PlER, WATERLOO BRIDGE (3 PLATES) ; JUNCTION OF SEWERS, 

PLANS AND Sections ; Gullies, plans and sections ; rolling stock ; Granite 
AND IRON Forts. 

HUMBER'5 MODERN ENGINEERING. 

Fourth Series. Imp. 4to, with 36 Douhle Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3si 

List of the Plates and Diagrams. 

Abbey Mills Pumping station. Main drainage, metropolis (4 plates) ; 
Barrow Docks (s plates) ; Manquis Viaduct, Santiago and Valparaiso Railway, 
(2 plates); adam's locomotjve, st. helen's canal railway (2 plates); cannon 
Street Station roof, charing cross railway (3 plates); Road bridge over 
THE River Moka (2 plates) ; Telegraphic apparatus for Mesopotamia ; Viaduct 
OVER the River wye, Midland Railway (3 plates); St. Germans Viaduct 

CORNWALL RAILWAY (2 PLATES); WROUGHT-IRON CYLINDER FOR DiVING BELL ' 

MiLLWALL Docks {6 plates); milroys patent Excavator ; Metropolitan Di*' 

TRICT railway (6 PLATES) ; HARBOURS, FORTS, AND BREAKWATERS (3 PLATES). 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, ETC. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N. A. 
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. JVei 1 2/6 

SUMMARY OF CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIGO- 
NOMETRY.— PRACTICAL Geometry,— MENSURATION.— Centres and Moments of 
Figures.— MOMENTS of Inertia and Radii of gyration.— algebraical Expressions 
for Simpson's rules.— mechanical principles.— Centre of gravity,— Laws of 
Motion,— displacement, centre of Buoyancy.— Centre of Gravity of ship's 
HULL.— stability Curves and Metacentres.— Sea and shallow-water Waves. 
—Rolling of Ships.— Propulsion and Resistance of vessels.— speed trials.— 
sailing Centre of Effort.— Distances down Rivers, Coast Lines.— Steering and 
rudders of Vessels.— Launching Calculations am) Velocities.— weight of 
material and gear. — gun particulars and weight.— standard gauges. — 
Riveted Joints and Riveting.— Strength and Tests of Materials.— Binding 
AND Shearing Stresses, &c.— Strength of Shafting. Pillars, Wheels, Ac- 
Hydraulic Data, &c. — Conic Sections, Catenarian curves. — mechanical 
Powers, work.— Board of trade regulations for boilers and engines.— board 
OF Trade Regulations for Ships.— Lloyd's Rules for boilers.— Lloyd's weight 
of Chains.— Lloyd's scantlings for Ships.— data of Engines and Vessels.— 
SHIPS' Fittings and tests.— Seasoning preserving Timber.— measurement of 
Timber,— ALLOYS, Paints, Varnishes.— Data for Stowage.— Admiralty Trans- 
port Regulations. — Rules for Horse-power, screw propellers, &c.— per- 
centages FOR butt Straps, &c.— Particulars of yachts.— Masting and Rigging 
Vessels.— Distances of foreign ports.— tonnage tables.— Vocabulary of 
French and English terms. — English weights and measures. — Foreign 
weights and measures.— decimal Equivalents.— Foreign money.— Discount 
AND Wages tables.— Useful numbers and Ready reckoners.— Tables of 
Circular measures.~tables of areas of and Circumferences of Circles.— 
Tables of areas of Segments of Circles.— Tables of Squares and cubes and 
Roots of numbers.— Tables of logarithms of numbers.— tables of hyper- 
bolic logarithms.— Tables of natural Sines, Tangents, &c.— tables of 
Logarithmic Sines, Tangents, &c. 

" In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast cimount of information. We unhesitatingly say that it is the most valuable cojnpitation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or iron shipbuilder, can afford to be without this work." — Nautical Magazine. 

" Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put. together in a popular and simple form. The book is one of 
exceptional merit." — Engineer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work." — Iron. 

"There is no doubt that a pocket-boolc of this description must be a necessity in the ship- 
building trade. . . The volume contams a mass of useful information clearly expressed and 
presented in a handy fovm."— Marine Engineer, 

WANNAN'S marine ENQINEER'S auiDB 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers ; complete Set of Drawings with Statements completed. By 
A. C. Wannan.C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With numerous Engravings. Third 
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . Net 1 0/6 
" The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering." — Nautical Magazine. 

WANNAN'S MARINE ENQINEER'S POCKET-BOOIC. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A, C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 

Date. Square i8mo, with thumb Index, leather. {Just Published. 5/0 

"There is a great deal of useful information in this little pocket-book. It is of the rule-of 

thumb order, and is, on that ciccount, well adapted to the uses of the sea-going engineer." — 

Engineer. 

THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited by G. Lehmann-JFelskowski. With Coloured Prints, 
Art Supfilements, and numerous Illustratipns throughout the text. Super- 
royal 4to, cloth, {Just Publisfied. Net 1 0/6 
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5EA TERMS, PHRA5E5, AND W0RD5 

(Technical Dictionary of) used in the English and French Languages 
(English-French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pirrib, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . . 5/0 

' This volume will be highly appreciated by seamen, engfineers, pilots, shipbuilders and ship- 
i. It will be found wonderfulfy accurate and > - - -- ■ 



owners. It will be found wonderfully accurate and complete." — Scotsman. 

"A very useful dictionary, which has loi — ' ■—' ' — "^ *■ 

masters, officers and otheis."—Sht/!pitte- IVori 



" A very useful dictionary, which has long been wanted by French and English engineers, 



ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant, 
for the Use of Shipowners and Guilders, Marine Electricians and Sea-going 
Engineers in Charge. By J. W. Urquhart, Author of "Electric Light," 
"Dynamo Construction," &c. Second Edition, Revised and Extended. 
With numerous Illustrations. Crown 8vo, cloth 7/6 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Proctor, A.I.N.A. 

Third Edition. Royal 32mo, leather 4/0 

" We recommend it to our readers as going far to supply a long-felt want." — Naval Science. 
" A most useful companion to all marine engineers." — United Service Gazette. 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Met^s, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c. With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cloth 1/6 
"Contains much valuable information for the class for whom it is i tended, especially in the 
chapters on the management of boilers and engines." — Nautical Magazine. 

MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by George 
Carlisle, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown 
Svo, cloth 4/6 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
RossER ; together with the requisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound 7/0 

THE ART AND SCIENCE OF SAILMAKINQ. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 2/6 

" This extremely practical work gives a complete education in all the branches of the manu- 
ta.:ture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and %axQz." —Portsmouth TiMes, 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, StrengUi of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chajn 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards £2 2s. 

" It contains a vast amount of valuable Informadon. Nothing saems to be wanting to make it 
a cempUte and standard work of reference on the subject. "—A^awA^w/ Mag^axine, 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description Of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.I.M.E., laie Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Super-royal 8vo, cloth. 

[Just Published. Net £3 3s. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 

Mines. By E. Henry Davies, M.E., F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo, cloth .... Net 25/0 

" Deals exhaustivelj; with the many and complex details which go to make up the sum total of 

machiDery and other requirements for the successful working of metalliferous mines, and as a book 

of ready reference is of the highest value to mine managers and directoiE." — Mining yourttal. 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates, 
Royal 8vo, buckram , . ■. Net 25/0 



*' Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
""""'" """iaks new ground, and ' -- - - ■....-.-■ ..-.._.-_... ■. . 

a scientiffc one, appei . _ . _ 

of very great value to investors in South African mines." — Mining youmal. 



of tlie Rand breaks new ground, and by dealing wth the subject rather from a commercial stand- 
point than from a scientiffc one, appeals to a wide circle of readers. The book cannot fail to prove 



PROSPECTINQ FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Daniel J. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pefcting Expeditions. With Illustrations specially Drawn and Engraved for 

the Work F'cap. 8vo, leather Net 7/6 

" This well-compiled book contains a collection of the richest gems of useful knowledge for 

the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 

associated with gold." — Mining Journal, 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment ot Gold-bearing Ores. 

Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 

M, Inst. M.M. Fifth Edition, Enlarged. With over 300 Illustrations and 

numerous Folding Plates. Medium 8vo, cloth " . ' . . Net^WQ 

" This book thoroughly deserves its title of a ' Practical Treatise.' The whole process of gold 

mining, from the breaking of the quartz to the assay of the bullion, is described in clear and orderly 

narrative and with much, but not too much, fUlness of detail."—Saturday Review. 

THE CYANIDE PROCESS OF QOLD EXTRACTION. 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 

By M. Eissler, M. Inst. M.M. With Diagrams and Working Drawings. 

Third Edition, Revised and Enlarged. 8vo, cloth .... Net 7/6 
"This book is iust what w<is needed to acgusdnt mining men with the actual working of a 
process which is not only the most popular, but is, as a general rule, the most successful for the 
extraction of gold from tailings." — Mining JoumoL 

DIAMOND DRILLING FOR QOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E.Inst. M.E., 
M. Inst. M.M. Medium Bvo, r68 pp., with Illustrative Diagrams . 1 2/6 
" There is certainly scope for a work on diamond drilling, and Mr. Denny deserves grateful 
recognition fox supplying a decided want."— JftKinffyoMrKo/, 
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QOLD ASSAYING. 

A Practical Handbook for Assayers, Bankers, Chemists, Bullion Smelters, 
Goldsmiths, Mining and Metallurgical Engineers, Prospectors, Students, and 
others. By H. JosyuA Phillips, F.I.C, F.C.S., A.I.C.E., Author of 
*' Engineering Chemistry," etc. Large Crown 8vo, cloth. 

[Jusi ready, price about T/6 »^'* 

FIELD TESTING FOR QOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Merritt, 
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather Net 5/0 

"As an instructor of prospectors' classes Mr. Merritt has the advant^e of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling^ and testing g:old and silver ores. A useful addition to a prospector's 
kit." — Mining Journal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 

Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S. Ninth 

Edition. Small crown 8vo, 3/6 cloth ; or, leather .... 4/6 

" Will supply a much-felt want, especially amongr Colonists, hi whose way are so often thrown 

many mineralogical specimens the vjilue of which it is difficult to determine," — Engineer. 

" How to find commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has manaeed to pacK as much practical 
detail mto his pages as wo^d supply material for a book three times Its size.' — Mining Journal. 

THE METALLURGY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bnllion. By 
M. EissLER, M.Inst. M.M. Third Edition. Crown 8vo, cloth . 10/6 

" A practical treatise, and a technical work which we are convinced- will supply a long-felt 
want amongst practical men, and at the same time be of value to students and oUieis indirectly 
connected with the industries." — Mining Journal. 

THE HYDRO=METALLURQY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat- 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLER, M. Inst. M.M. 8vo, cloth .... iVf^12/9 
" In this volume the various processes for the extraction of co{)per by wet methods are fully 
detailed. Costs are given when available, and a great deal of useful informati m about the copper 
industry of the world is presented in an interesting and attractive manner." — Mining Journal. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 
By M. EissLER, M. Inst. M.M., Author of "The Metallurgy of Gold," &c. 

Crown 8vo, 400 pp., with 183 Illustrations, cloth 12/6 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 

all the stages experienced in the passaee of the lead from the various natural states to its Issue from 

the refinery as an article of commerce.' — Practical Engineer. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much 
Enlarged by his Son, E. Henry Davibs, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown 8vo, cloth i^ti 1 2/6 

" Neither the practical miner nor the general reader, hitercsted In mines, can have a better 
book for his companion ttnd his ^\A&."— Mining Journal. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 

With about loo Illustrations. Crown 8vo, cloth -J 2/6 

" Wc do not remember to have met with any English worlc on mhiin? matters that contains 
the same amount of information paclced in equally convement fonn. •"AcaOemy. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Developnttnt, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
HONT, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2s. 
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POCKET-BOOK FOR MINERS AND METALLURQISTS. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 
Work. By F. Danvers Power, F.G.S., M.E. Second Edition, Corrected. 
Fcap. 8vo, leather 9/0 

" This excellent book Is an admirable example of its kind, and oug;ht to find a large sale 
amongst Bnglish-speaking prospectors and mining engineers." — Engineering, 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. Compiled by John Milne, F.R.S., Professor of Mining 
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 
"Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among 5ta&saXs."—Athenauvt. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re-written 
and Enlarged. With 250 Illustrations. Royal 8vo, cloth . Net 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARV AND NON-ROTARY HORIZONTAL 

ENGINES.— Simple AND compound steam Pumps.— VERTICAL pumping ENGINES.— 

ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM 

PUMPS. — Triple-Expansion steam Pumps. — Pulsating Steam pumps. — Pump 
Valves.— Sinking Pumps, &g., &c. 

" This volume contains an immense amount of importcint and interesting new matter. 
The book should undoubtedly prove of great use to all who wish for information on the sub- 
ject." — The Engineer. 

ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Herbert Perkin, M.I.M.E., Certified Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Medium 8vo, cloth. 

Net 9/0 
(For Summary of Contents, see page 23.) 

THE COLLIERY MANAGER'S HANDBOOK. 

A Comprehensive Treatise on the Laying>out and Working of Collieries, 

Designed as a Book of Reference for Colliery Managers, and for the Use of Coal 

Mining Students preparing for First-class Certificates. By Caleb Pamely, 

Mining Engineer and Surveyor; Member of the North of England Institute of 

Mining and Mechanical Engineers ; and Member of the South Wales Institute 

of Mining Engineers. 'With 700 Plans, Diagrams, and other Illustrations. 

Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 5s. 

Geology.— SEARCH for coal.— Mineral Leases and other holdings.— 

Shaft Sinking.— Fitting Up the Shaft and surface arrangements.— Steam 

Boilers and their Fittings.— Timbering and Walling.— Narrow work and 

Methods of Working. — Underground Conveyance. — Drainage.— the Gases 

MET! with in Mines; Ventilation. — On the Friction of Air in Mines. — The 

priestman oil Engine; Petroleum and Natural Gas. — Surveying and 

planning.— Safety Lamps and Firedamp Detectors.— Sundry and incidental 

Operations and Appliances.— Colliery explosions.— miscellaneous Questions 

and AUSWnRS.—Afipendix: SUMMARY OF REPORT OP H.M. COMMISSIONERS ON 

Accidents in mines. 

" Mr. Famely'd work is eminently suited to the purpose or which it is intended, beingf clear, 
Interesting^, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work." — CoUury 
Guardian. 

" Mr, Pamely has not only ^[iven us a comprehensive reference book of a veiy high order 
suitable to the reciuircments of mming engineers and colliery managers, but has a^o provided 
mining students with a class-book that is as interesting as it is instructive, " — Colliery Manager, 

"This Is the most complete 'all-round work on coal-mining published In the English 
langu^e. . . . No_ library of coal-mining books Js complete without Vu"— Colliery Bnginut- 
(Sera 
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COLLIERY WORKING AND MANAQEMENT. 

Comprising the Duties of a Colliery ManE^er, the Oversight and Arrange* 

ment of Labour and Wages, and the different Systems of Working Coal 

Seams. By H. F. Bulman and R. A. S. Rbdmayne. 350 pp., with 

28 Plates and other Illustrations, including Undergroimd Photo^aphs. 

Medium 8yo, cloth. 1 5/0 

" This is, indeed, an adndrable Handbook for Colliery Members, In fact it is an Indispensable 

adjunct to a Colliery Manager's education, as well as being a most useful and interesting work 

on the subject for all who in any way have to do with coal mining. The underground photographs 

are an attractive feature of the work, being very lifelike and necessarily true representations of the 

scenes they depict."— Co/Zwry G-tarddan. 

" Mr. Bulman and Mr. Redmayne, who are both experienced Colliery Managers of great 
literary ability, are to be congratulated on having supplied an authoritative 'vork dealing with aside 
of the subject of coal mlnmg which has hitherto received but scant treatment. The authors 
elucidate their text by 119 woodcuts and z8 plates, most of the latter being admirable reproductions 
ofphotographs taken underground with the aid of the magnesium flash-light. These illustrations 
are excellent." — Nature. 

COAL AND COAL MINING. 

Bjr the late Sir Warington W. Smyth, M.A., F.R.S., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised 
and Extended by T. Forstek Brown, Mining and Civil Engineer, Chief 
Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown 
8vo, cloth. 3/6 

" As an outline is given of eveiy known coal-fleld in this and other countries, as well as of the 

principal methods of working, the book will doubtless interest a very large number of readers."— 

Mining yournal, 

N0TE5 AND FORMULAE FOR MINING STUDENTS. 

By John Herman Mbrivale, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

"The author has done his wbrk in a creditable manner, and has produced a book that will 

be of service to students and those who are practically engaged in mining operations."— £»£%'»«»'. 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowes, D.Sc, Lond., 
F.I.C. With a Chapter on The Detection and Measurement of Petro- 
leum Vapour by Boverton Redwood, F.R.S.E., Consulting Adviser to the 
Corporation of London under the Petroleum Acts. Crown 8vo^ cloth. Net SIO 
" Professor Clowes has given us a volume on a subject of much industrial importance . , , 
Those Interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."— TA* Engineer. * 

« 

COAL & IRON INDUSTRIES of the UNITED KINQDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. Svo, cloth . . £1 8s. 
" Of this book we may unreservedly say that it is the" best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or cocd trades should omit from 

his VLbxsxy."— Iron and Coal Trades Review, 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 1 6/0 
" An interesting and Invaluable voT\i."— Colliery Gitardian. 

GRANITES AND OUR QRANITE INDUSTRIES. 

By Geokge F. Hakris, F.G.S. With Illustrations. Crown Svo, cloth 2/6 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Linteen, C.E. With two plates. 
Small crown Svo, cloth Net 3/0 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, ETC. 



THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Course for Students. By Tyson Sewell, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Second Edition, Revised, with Additional Chapters 
on Alternating Current Working, anrl Appendix of Questions and Answers. 
450 pages, with 274 Illustrations. Demy 8vo, cloth. [Just Published. Net "JjQ 
Ohm's I,aw.— units employed in Electrical Engineering. -Series and 
parallel circuits ; current density and potential drop in the circuit.— 
THE Heating effect of the Electric Current.— Thh Magnetic effecf of an 
Electric Current.— the Magnetisation of Iron.— Electro-Chemistry ; primary 
Batteries.— Accumulators.— Indicating Instruments; ammeters. Voltmeters, 
Ohmmeters.— Electricity supply Meters.— Measuring instruments, and the 
measurement of electrical resistance. — measurement of potential Dif. 
ference, Capacity, Current strength, and permeability.— Arc lamps.— incan- 
descent LAMPS; manufacture AND INSTALLATION; PHOTOMETRY. — THE CON- 
TINUOUS CURRENT Dynamo.— DIRECT current motors.— alternating Currents. 
,— Transformers, alternators, synchronous motors.— polyphase working.— 
Appendix of Questions and answers. 

"An excellent treatise for students of the elementary facts connected with electrical 
engineering-." — The Electrician. 

"One of the best books for those commencing' the study of electrical engineering. Every- 
thing is explained in simple language which evenabeginner cannot fail to understand." — Engineer. 
" One welcomes this book, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require." — Nature. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. C. Perrine, 
A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; M.Amer.LE.E. 8 vo, cloth. \Jusi Published. JVet QQI^ 
Conductor materials— alloyed conductors— manufacture of Wire- 
wire- finishing— Wire insulation— Cables— Calculation of Circuits— Kelvin's 
Law OF Economy in conductors— multiple arc Distribution— alternating 
Current Calculation— Overhead lines— Pole Line— Line Insulators- Under- 
ground conductors. 

wireless TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. By Charles Henry 
Sewall. With 85 Diagrams and Illustrations. Demy 8vo, cloth. 

U-ust PuhlUhtd. Net 1 0/6 

ARMATURE WINDINGS OF DIRECT CURRENT 
DYNAIWOS. 

Extension and Application of a General Winding Rule. ^ By E.^ Arnold, 
Engineer. Assistant Professor in Electrotechnics and Machine Design at the 
Riga Polytechnic School. Translated from the Original German by Francis 
B. De Gress, M. E , Chief of Testing Department, Crocker- Wheeler Com- 
pany. With 146 Illustrations. Medium 8vo, cloth . . . Net '\Z\- 

ELECTRICITV AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst C.E., M.I M.E., M.I.E.E., late Professor of 

Coal Mining at tht Yorkshire College, Victoria University, Mining Engineer 

and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., AM.I.M.E., 

Associate of the Central Technical College, City at d Guilds of London, Head 

of the Electrical Engineermg Drpwtment, Yorkshire College, Victoria 

University; and Herbi.rt Pkrkin, M I.M E. Certificated C. Uiery Manager, 

Assisunt Lectuier in the Mining Department of the Yorkshire College, 

Victoria University. Withabout 170 Illustrations. Medium 8vo, cloth. NeiQl- 

introductory. — Dynamic electricity. — driving of the dynamo. — the 

STEAM turbine.— Distribution of electrical energy.— starting and Stopping 

electrical Generators and motors.— Electric Cables.— Central electrical 

PLANTS.— electricity APPLIED TO PUMPING AND HAULING.— ELECTRICITY APPLIED 
TO COAL-CUTTING.— TYPICAL ELECTRIC PLANTS RECENTLY ERECTED. — ELECTRIC 
LIGHTING BY ARC AND GLOW LAMPS— MISCELLANEOUS APPLICATIONS OF ELECTRICITY 
-ELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING POWER.— 
DANGERS OF ELECTRICITY. 
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS. 

A Practical Handbook, dealing with Direct, Alternating and Polyphase 
Currents. By William R. Bowker, C.E., M.E., E.E., Lecturer on Physics 
and Electrical Engineering at the Municipal Technical School, Eury. 8vo, 
cloth. [Just ready, price about 6/0 «^^' 

DYNAMO ELECTRIC MACHINERY: its CONSTRUC- 
TION, DESIGN, and OPERATION. 

By Samuel Sheldon, A.M., Ph.D , Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B.S. 

In two volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT MACHINES. Third Edition, Revised. Large 
crown 8vo. 280 pages, with 200 Illustrations . . J^ei "| 2/0 
Vol. II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illu'^trations ^et "| 2/0 

Designed as Text-books for use in Technical Educational Institutioas, and by Engineers 
-vhose work includes the handling^ of Direct and Alternating Current Machmes respectively, and 
for Students proficient in mathematics. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
Bv A. A. Atkinson, Professor of Electricity in Ohio University. Crown 8vo, 

cloth Net 9/0 

"To teachers and those who already possess a fair knowledge of their subject we can recom- 
mend this book as being useful to consult when requiring data or formulas which it is neither con- 
venient nor necessary to retain by memory." — The Elecirician. 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working.^ Founded in part on WOnschen- 
dorff's " Trait6 de T616graphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. ByCHARLES Bright, F.R.S.E., A.M.Inst.C.E., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 

Royal 8vo, cloth . . ^ei £3 3a. 

"There are few, if any, persons more fitted to write a treatise on submarine telegraphy than 
Mr. Charles Bright. He has done his work admirably, and has written in a way which will 
appeal as much to the layman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English classic on submarine telegraphy." — Engineer, 

" This book is full of information. It makes a book of reference which should be in every 
engineer's Mhraxy."— Nature. 

" Mr. Bright's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men," — E/ectrician. 

" The author deals with his subject from all points of view — political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the genercil public. We 
can strongly recommend it." — AihenauTtt. 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modern Rules, FormuUe, Tables, and Data. By'H. R. Kempe, 
M.I.E.E.,. A.M.Inst-C.E., Technical Officer Postal Telegraphs, Author of. 
"A Handbook of Electrical Testing," &c. Second Edition, thoroughly 
Revised, with Additions. With numerous Illustrations. Royal 32mo, oblong, 

leather 6/0 

*' It is the best book of Its \aaA."— Electrical Engineer. 

" The Electrical Engineer's Pocket-Book is a good one." — Electrician, 

" Strongly recommended to those engaged in the electrical industries, "—Electrical Review, 

POWER TRANSMITTED BY ELECTRICITY. 

And applied by the Electric Motor, including Electric Railway Construction. 
By P.Atkinson, A.M., Pli.D. > Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth , . Net 9/0 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author of "Elements of Static 
pectricity," &;. ^rown 8vo, 417 pp., with 120 Illustrations, cloth . 10/6 



ELECTRICITY. ELECTRICAL ENGINEERING, &-c. 23 
THE MANAQEMENT OF DYNAMOS. 

A Handybook of Theory and Practice, for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Paterson. 

Third Edition, Revised. Crown 8vo, cloth 4/6 

" An example which deserves to be taken cis a model by other authors. The subject Is treated 
In a manner which any intelligent man who is fit to be entrusted with chaise of an engine should 
be able to understand. It is a usefiil book to aU who make, tend, or employ electric machinery." 
— Architect. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3,000 definitions, By T. O'Conor 
Sloane, A.M., Ph.D. Third Edition, with Appendix, Crown 8vo, 6go pp., 

3QO Illustrations, cloth Net 7/6 

" The work has maqy attractive features In It, and Is, beyond doubt, a well put together and 
useful publication. The amount of ground covered may be gathered from the fact that in the index- 
about s,ooo references will be found. — Electrical Review, 

ELECTRIC LIQHT FITTINQ. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
"Electric Light," &c. With numerous Illus'trations. Third Edition, Revised, 

with Additions, Crown Svo, cloth 5/0 

" This volume de^ with the mechanics of electric lighting, and is addressed to men who 
are already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and may be read as a sequel to the author's usefid work on ' Electric Light.' " — Electrician. 

" The book is well worth the perusal of the workman, for whom it is written." — Electrical 
Revie'U}. 

ELECTRIC LIQHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps, 
By J. W. Urquhart, C.E. Sixth Edition, Enlarged. Crown 8vo, cloth, 

7/6 

" The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise manner," — Electrical Review. 

" A vadc'tnecum of the salient facts connected with the science of electric lighting," — 
Electrician. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Electricians- 

in-Charge. Embracing Framework Building, Field Magnet and Armature 

Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 

Edition, Enlarged, with 114 Illustrations. Crown Svo, cloth , . 7/6 

" Mr. Urquhart's book is the first one which deals with these matters In such a way that the 

engineering student can understand them. The book Is venr readable, and the author leads his 

realers up to difficult subjects by reasonably simple tests." — Mns^ineerins- Review. 

ELECTRIC SHIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J, W. Urquhart, C.E. Second Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, doth . . 7/6 

"The subject of ship electric lighting Is one of vast Importance and Mr. Urquhart is to be 

mghly complimented for placing such a veiluable work at the service of marine electricians. "—77r£ 

Stea^nship. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alak a. Campbell Swinton, M.Inst.C.E., M.I.E.E. Fifth Edition. 
With 16 Illustrations. Crown Svo, cloth . . . • • . 1 /6 

ELECTRIC LIQHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Third Edition, Revised. Crown Svo, wrapper . . . . , 1/0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing Illustrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light, 
By Alfred Crofts. Sixth Edition, Revised. Crown Svo, cloth . g/Q 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H, M. NoAP, F.R.S. 650 pp., with 470 Illustrations, Crown Svo, cloth. 

9/0 
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ARCHITECTURE, BUILDING, ETC. 



PRACTICAL BUILDlNa CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Parnell Allen, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Science, Newcastle-on-Tyne. Fourth Edition, Revised and Enlarged. 
Medium 8vo, 570 pp., with 1,000 Illustrations, cloth. 

{Just Published. Net 7/6 
" The most complete exposition of building construction we have seen. It contains all that is 
necessary to prepare students for the various examinations in buildii^ caasXxncMon."—Buildittg 
News. 

" The author depends nearly as much on his dla^frams as on his type. The pa^es suggest 
ihe hand of a man of experience in building operations — and the volufiie must be a blessing to 
many teachers eis weD as to students."— 77(« Architect. 

"The work is sure to prove a formidable rival to great and small competitors alike, and 
bids fair to take a permanent place as a favourite student's text-book. The large number of illus- 
trations deserve particular mention fur the great merit they possess for purposes of reference in 
exactly corresponding to convenient scales." — youmalofthe RayallnstUuU 0/ British ArchiteOs. 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of St^s, Circular Work, Arches, Niches, Domes, Penden- 
tives. Vaults, Tracery Windows, &c. ; to which are added Supplements 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones, and a Glossary of Terms. For the Use of Students, Masons, and 
other Wor^onen. By William R. Purchase, Building Inspector to the 
Borough of Hove. Fourth Edition, Enlarged. Royal 8vo, 210 pp., with 
52 Lithographic Plates, comprising over 400 Diagrams, cloth. 

[Just Published. Net 716 
"Mr. Purchase's 'Practical Masonrv' will undoubtedly be found useful to all interested in 
this Important subject, whether theoretically or practically. Most of the examples given are from 
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on 
the subject, the author himself having comjnenced as an operative mason, and afterwards acted as 
foreman mason on many lai^e and important buildings prior to the attainment of his present 
position. It should be found of general utUity to architectural students and others, as well as to 
tbose to v/hom it is speciaiUy addreswd."— 3^ournal qfthe Xoyai Institute 0/ British Architects. 

MODERN PLUMBINQ, STEAM AND HOT WATER 

HEATINQ. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of " American Sanitary Plumbing," 
&c. With 284 Illustrations and Folding Plates. 4to, cloth . IITet 21/- 

HEATINQ BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jones, M.I.M.E. 340 pages, with 140 Illustrations. Royal 8vo, 
cloth. l/tai Puilished. Net 6/0 

CONCRETE: ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
George L. Sutcliffb, A.R.I.B.A. 350 pp., with Illustrations. Crown 
8vo, cloth . . . r 7/6 

"The author treats a difficult subject in a lucid mcumer. The manual fills a long-felt gap. 
It Is careful and exhaustive ; equally useful as a student's guide and an architect's book of 
reference." — journal of the R<^al Institute o/Br&ish Architects, 

LOCKWOOD'5 BUILDER'S PRICE BOOK for 1904. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Miller. 800 closely-printed pages, 

crown Svo, cloth 4/0 

" This boolc Is a very, useful one, and should find a place in every English office connected 
with the building and engmeering ^toiesAo-aa."— Industries. 
" An excedlent boolc of reference."— ^»icA<tert. 

" In its new and revised form this Price Boole Is what a work of this kind should be— K:ompre- 
hensive, reliable, well arranged, legible, and weU \KfasA:'— British Architect. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Leeds. 66 Plates, 410, cloth . .21/0 
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THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of '^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown Svo, cloth 7/6 
"The book is a very useful and helpful manual of architectural mechanics." — Builder, 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. Wickks, Architect, Author of 
"The Spires and Towers of England," &c. 61 Plates, 410, half-morocco, gilt 
edges £1 lis. 6d. 

" The whole of the designs bear evidence of their being- the work of an artistic architect, and 
they will prove very valuable and suggestive." — Building News. 

THE ARCHITECT'S GUIDE. 

Being a Text -book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c. By F. Rogers. Crown Svo, cloth. 

3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Third Edition. Svo, boards 3/6 

*' It is the most intelligible of the treatises on this ill-treated subject that I have met with. "— 
E. INGRESS BELL, ESQ., in the R.I.B.A. Journal. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Ptnb. 14 Plates, 4to, boards ......... 7/6 

MEASURING AND VALUING ARTIFICERS' WORK 

(The Student's Guide to the Practice oO- Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 

63 Woodcuts. Crown Svo, cloth 7/6 

" Tills edition will be found the most complete treatise on the principles of measuring and 
valuing artificers' work that has yet been published."— 5wt;a»«f News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat-pocket size, 

gilt edges 1/6 

"No builder, architect, surveyor, or valuer should be without his 'Beaton.'"— Building News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Buildings. Upon .the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 15/0 

" The work is too well Icnown to need any recommendation from us. It Is one of the books 
with which every young architect must be equipped." — Architect. 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build, Alter, or Repair 7 A Price Book for Ud- 

fofessional People as well as the Architectural Surveyor and Builder. By 
D. Simon. Edited by F. T. W. Millkr, A.R.I.E.A. Fifth Edition. 

Carefiilly Revised. Crown Svo, cloth Net 3/6 

" In two vears it will repay its cost a liundred times over." — FMd, 
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SANITATION AND WATER SUPPLY. 



THE HEALTH OFFICER'5 POCKET-BOOK. 

A Guide to Sanitary Practi'ce and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBY, M.D. (Lond.)i &c. Second Edition, Revised and Enlarged. 
Fcap. Svo, leather Net 1 0/6 

" It is a mine of condensed information of a pertinent and useful kind on the various subjects 
of which it treats. The different subjects are succinctly but fully and scientifically dealt with."— 
The Lattcet. 

" We recommend all those engaged in practical Sanitary work to furnish themselves with a 
copy for reference." — Sanitary youmaL 

THE BACTERIAL PURIFICATION OF SEWAQE: 

Being a Practical Account of the Various Modem Biological Methods of 
Purifying Sewage. By Sidney Barwise, M.D, (Lond.), D.P.H. (Camb.), 
etc. With lo Page Plates and 2 Folding Diagrams. Royal Svo, cloth. 

Net 6/0 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown Svo, cloth .... 6/0 

WATER AND IT5 PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Rideal, D.Sc. Lond., F.I.C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Large Crown 8vo, cloth Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Greenwell, A.M.I. C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown Svo, cloth 5/0 

THE WATER SUPPLY OF CITIES AND T0WN5. 

By William Humber, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (Seepage 11.) ...... Net £6 6s. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal Svo, cloth. (See page lo.) .... £1 5s. 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown Svo, cloth . . . 3/0 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHAN. Ninth Edition, Enlarged, with 500 Illustrations. Crown Svo, 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings, By W. P. 
BucHAH, R.P. Crown Svo, cloth 3/6 
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CARPENTRY, TIMBER, ETC. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Buildmg ; also numerous Tables of the Scantlings of Timber for diflferent 
purposes, the Specific Gravities of Materials, &c. By Thomas Teedgold, C.E. 
Wiui an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c. 
With 61 Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth £-| 5s. 

" Ought to be in every architect's and eveiy Ijuilder's library."— J j*«7der. 

'*A work whose monumental excellence must . commend it wherever skilful carpentry is 

concerned. The author's principles are rather confirmed than impcured by time. The additional 

plates ate of great intrinsic value." — Building- News, 

WOODWORKINQ MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 

Mills and the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American Engineers. By 

M. Powis Bale, A.M.Inst.CE., M.I.M.E. Second Edition, Revised, 

withlarge Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is^ evidently an expert on the subject, and he has collected so much Information 

that his book is all-sufficient for builders and otherseng^ed in the conversion of timber." — Architect, 

"The most comprehendve compendium of wood-workii^ machinery we have seen. The 

author Is a thorough master of his subject" — Building News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Bale, A.M.Inst.CE. Second Edition, Revised. 
Crown 8vo, cloth 1 0/6 

" The acfmt'ni^r/raA'cM of a large sawing establishment Is discussed, and the subject examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical tres-Msie." —Builder. 

THE CARPENTER'S QUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitel, 
F.S.A. Together with Practical Rules on Drawing, by George Pvne, 
With 74 Plates, 4to, cloth £1 1 8. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
Collings. Revised and Enlarged, to which is added A Treatise on 
Stair-building. Third Edition, With Plates and Diagrams. i2mo, cloth. 

2/6 

" Will be found of practical utility in the execution of this difficult branch of joinery." — Builder, 
" Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by 
the aid of plates and explanatory leXH&cpt&s."— Furniture GaxetU. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature, By 
George Collings. With Diz^ams. Fourth Edition, i2mo, cloth . 2/6 
" An excellent example of what a book of this kind should be. Cheap In price, clear in 
definition, and practical in the examples selected." — Builder, 

THE CABINET-MAKER'5 QUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmead. Illustrated with Flans, Sections and Working 
Drawings. Crown Svo, cloth 2/6 
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HANDRAILiNQ COMPLETE IN EIGHT LESSONS. 

On the S(iuare-Cut System. By J, S. Goldthorf, Teacher of Geometry 

and Building Construction at the Halifax Mechanics' Institute. With Eight 

Plates and over 150 Practical Exercises. 4to, cloth .... 3/6 

" Likely to be of considerable value to Joiners and others who take a pilde in food work. 

The arrang'ement of the book Is excellent. We heartily commend It to teachers and students."— 

Titnber Trades yottmal. 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, and other Useful Tables for the use of 
Timber Merchants and Builders, By William Dowsing. Fourth Edition, 

Revised and Corrected. Crown 8vo, cloth 3/0 

"We are glad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired."— TVwt^er Trades journal. 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
"This handy manual contains much valuable information for the use of timber merchants, 

builders, foresters, and all others connected with the growth, sale, and manufacture of timber,"— 

yoitmai 0/ Forestry. 

PACKINa-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Facldng-Cases, from six 
inches square and upwards. By W. Richardson,. Timber Broker. Third 
Edition. Oblong 410, cloth . 3/6 

" Invaluable labour-saving tables." — Ironmonger, 

" Will save much labour and calculation."— Grcccn 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length b^ i to 108 inches in breadth. 
For the use of Architects, Surveyors, Engmeers, Timber Merchants, • 
Builders, &c. By James Hawkings. Fifth Edition. Fcap., cloth . 3/6 

" These tables will be found of i^reat assistance to all who require to make calculations of 
superficial measurement." — English Mechanic, 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F. S. I. , Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth 3/6 

Prefatory Remarks. — OsjEtTS of Planting. — Choice of a Forester.— 

CHOICE OF SOIL and SITE.— LAYING OUT OF LAND FOR PLANTATIONS.— PREPARATION 
OF THE GROUND FOR PLANTING.— DRAINAGE,— PLANTING.— DISTANCES AND DISTRI- 
BUTION OF TREES IN PLANTATIONS.— Trees AND GROUND GAME.— ATTENTION AFTER 

PLANTING.— Thinning of plantations. — Pruning of forest trees.— Realization. 

—METHODS OF SALE.— MEASUREMENT OF TIMBER.— MEASUREMENT AND VALUATION 

OF Larch Plantation.— fire Lines.— Cost of Planting. 

"Mr, Curtis has in the course of a series of short pithy chapters Eifforded much informa- 
tion of a useful and practiced character on the planting and subsequent treatment of trees." — 
Illustraied Carpenter and Bttil<ier. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth , . "t Q/O 

TIMBER IMPORTER'S. TIMBER MERCHANT'S, AND 
BUILDER'S STANDARD GUIDE. 

By Richard E. Grandv. Comprising: — An Analysis Of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net -Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c. ; together with copious Iiiforma> 
tion for the Retailer and Builder. Third Edition, Revised. i2mo, cloth 2/0 
" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 
throws in, as a makeweig'ht, a host of material concermng bricks, columns, cisterns, Sic."~Enfflish 
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DECORATIVE ARTS, ETC. 



SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van der Burg and P. Van der Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, 18) by 12^ in., 
Illustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprising 
154 Figures. Fourth Edition cloth . [Just Published. Net £1 5s, 

List of Plates, 
i. various tools required for wood painting.— 3. 3. walnut; preliminary 
STAGES OF Graining and finished Specimen. — 4. Tools used for marble 
Painting and method of manipulation.— 5, 6. St. Remi marble; Earlier 
Operations and finished Specimen. — 7. Methods of Sketching Different 
GRAINS. Knots, &c.— s, 9. Ash: preliminary Stages and finished speci- 
men. — 10. Methods of sketching Marble Grains. — 11, 12. Breche marble ; 
preliminary stages of working and finished specimen.— 13. maple ; methods 

OF PRODUCING THE DIFFERENT GRAINS.— 14, 1 5- BIRD'S-EYE MAPLE ; PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— 16. METHODS OF SKETCHING THE DIFFERENT 
SPECIES OF WHITE MARBLE.— 17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN.— 19. MAHOGANY; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OP MANIPUI^TION. — 20, 21. MAHOGANY ; EARLIER STAGES AND 
FINISHED SPECIMEN.— 22, 23, 24. SiKNNA MARBLE ; VARIETIES OF GRAIN, PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— 25, 36, 27. JUNIPER WOOD; ME^fHODS OF PRO- 
DUCING GRAIN. &C. ; PRELIMINARY STAGES AND FINISHED SPECIMEN.— 28, 2Q, 3a VERT 

DE MER Marble ; Varieties of grain and Methods of Working, unfinished 
AND Finished specimens.— 31, 32, 33. Oak ; Varieties of Grain, Tools Employed 
and methods of manipulation, preliminary stages and finished specimen.— 
34. 35. 36. waulsort marble; varieties of grain, unfinished and finished 
Specimens. 

" Those who desire to attcdn skill in the art of painting woods and marbles will find advantage 
In consulting this book. . . . Some of the Working Men's Clubs should give their young men 
the opportunity to study it." — Builder. 

"A comprehensive guide to the art. The explanations of the processes, the manipulation 
and management of the corours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making his work a faithful transcript oiiataxe." —Building News. 

" Students and novices are fortunate who are able to become the possessors of so noble a 
work." — T/ie Archiiect, 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Togetherwjth PRACTICAL 
HOUSE DECORATION. By Jamks W. Facey. With numerous Illus- 
trations. In One Vol., strongly hsdf-bound S/O 

HOUSE PAINTINQ, QRAININQ, MARBLINQ, AND 

SIGN WRITING. 

A Practical Manual of. By Ellis A. Davidson. Eighth Edition. With 
Coloured Plates and Wood Engravings. Crown 8vo, cloth . . . 6/0 
"A mass of information of use to the amateur and of value to the practical man."— Bn^^iish 
Mechanic. 

THE DECORATOR'S ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Keceipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1 /O 

"Full of receipts of value to decoratois, painters, gilders, &c. The book contains the gist of 
lai^er treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied inionnation on the painter's art," — Building News. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marhles. A Handbook for 
Students. By Gborgb H. Blagrovb, Author of " Shoring and its Applica- 
tion," &c. With 28 Illustrations. Crown 8vo, cloth .... 3/6 

" This most useful and much wanted handbook should be In the hands of every architect and 
builder."— £wtJliii>v IVerld. 

"A carefully aud usefully written treatise ; the work Is essentially 'piscWzal."— Scotsman. 
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DELAMOTTES WORKS ON ILLUMINATION AND 
ALPHABETS. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From the Eighth Century, with Numerals ; including Gothic, Church-Texi, 
large and small, German, Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c. Collected and Engraved by F. Delamotte, and 
printed in Colours. pfew and Cheaper Edition. Royal 8vo, oblong, 

ornamental boards 2/6 

" For those who insert enamelled sentences round gilded chalices, who blazon shop leg'ends 

over shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be 

■ useful." — Athenatifn. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing^ Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. Collected and Engraved by F. Delamotte, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6 
" There is comprised in it every possible shape into which the letters of the alphabet and 

numerals can be formed, and the talent which has been expended in the conception oi^the various 

plain and ornamental letters is wonderful." — Standard. 

MEDI/EVAL ALPHABETS AND INITIALS, 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 

Edition. Small 4to, ornamental boards Net 5/0 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled, "--sS»», 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Be^nners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Delamotte, New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. reqommended to the student, which, with much good sense, 

the author chooses from collections accessible to all, are selected with judgment and knowledge as 

well as taste." — Athenautn. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders, 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and Nati6n^ 
Emblems. Collected by F. Delamotte, and printed in Colours. Oblong 

royal 8vo, ornamental wrapper ..." Net 2/0 

" The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful pretty work," — East Anglian Times, 



WOODoCARVINQ FOR AMATEUR5. 

With Hints on Design. By A Lady. With 10 Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, 50 well as a book can impart it, may be learnt from ' A 
Lady's ' pubhcation." — Atheneeu^n. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Ghllick, Painter, and John Times, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Fainting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Edition. Crown Svo, cloth g/Q 

*t* Adopted as a Prtu Book at South Kensington. 

" Much may be learned, even by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise."— ^»^ ^oumat. 
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NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Chapters on the Origin and Construction of the Heavens. By J. E. Gore, 
F.R.A.S., Author of^' Star Groups," &c. Illustrated by 6 Stellar Photographs 
and IS Plates. Demy Svo, ciotb 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gore, F.R.A.S., 
M.R.I.A., &c.. Author of "The Visible Universe," "The Scenery of the 
Heavens," &c. With 30 Maps. Small 410, cloth S/0 

AN ASTRONOmiCAL QLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown Svo, cloth. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 

and the Past and Future of the Microscope. By Dr. Henri van Heurck. 

- Re-Edited and Augmented from the Fourth French Edition, and Translated 

by Wynne E. Baxter, F.G.S. Imp. Svo, cloth .... 18/0 

A MANUAL OF THE MOLLU5CA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (xSSo). Crown Svo, 
cloth 7/6 

THE TWIN REC0RD5 OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. LE Vaux. Svo, cloth 6/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and Te-?rritten by B. Loewy, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. LoEvirv, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OF HEAT. 

Edited and re-written by B. LoEwv, F.R.A.S. Post Svo, cloth . 6/0 

HANDBOOK OF OPTICS. 

New Edition. Edited by T. Olver Harding, B. A. Small Svo, cloth B/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by Geo. C. Foster, B.A. Small 8vo, cloth . . " . . 6/0 

HANDBOOK OF ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R.A.S. Svo, cloth . . 9/6 

MUSEUM OF SCIENCE AND ART. 

With upwards of i,2oo Engravings. In Six Double Volumes, £1 1 s. Cloth, 
or half-morocco £1 lis. 6d. 

NATURAL PHILOSOPHY FOR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY FOR SCHOOLS . . 3/6 
THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bright, F.R.A.S. Fcap. Svo, cloth ' . 2/6 



34 CROSBY LOCK WOOD «• SON'S CATALOGUE. 

CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 
PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian -Oil IProperties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.I. M.E., late Chief Engineer and Manager of the 
European Petroleum Company's Russian Oil Properties. About 500 pp., with 
numerous Illustrations and Photographic Plates, and a Map of the Balakhany- 
Saboontchy-Romanv Oil Field. Super-royal 8vo, cloth. 

[/ust Published. Net £3 3s. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A. C. Wright, M.A.Oxon., B.Sc.Lond., formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical S-hool. Demy 8vo, cloth Net Q/Q 

THE QAS ENGINEER'S POCKET-BOOK, 

Comprising Tables, Notes and Memoranda relating to the Manufactnre, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H, O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo, 
fully Illustrated, leather . . ^ 1 0/6 

" The book contains a vast amount of information. The author goes consecutively through 
the engineering detaiU and practical methods involved in each of the different processes or parts 
of a gas-works. He has certainly succeeded in making 3 compilation of hard matters of fact 
absolutely interestine to read." — Gas World. 

" The volume contains a great quantity of specialised information, compiled, we believe, from 
trustworthy sources, which should make it of considerable value to those for whom It is specifically 
produced. ' — Engineer. 

LIQHTING BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown Svo, cloth 7/6 

ENQINEERINa CHEMISTRY. 

A Practical Treatise /or the Use of Analytical Chemists, En^neers, Iron 

Masters, Iron Founders, Students and others. Comprising Methods of Analysis 

and Valuation of the Principal Materials used in Engineering Work, with 

numerous Analyses, Examples and Suggestions. By H. Joshua Phillips 

F.I.C., F.C.S. Third Edition, Revised and Enlarged. Crown 8vo, 420 pp., 

with Plates and other Illustrations, cloth. .... ]}fet 10/6 

" In this work the author has rendered no small service to a numerous body of practical 

men. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the 

despatch required of engineering chemists permits." — Chemical News. 

"The analytical methods given are, as a whole, such as are likely to give rapid and trust- 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work, 
the chapter on ' Oils and Lubrication ' being specially noticeable in this te&p^ct." —Engineer . 

NITRO-EXPLOSIVES. 

A Practical Treatise concerning; the Properties, Manufacture, and Analysis 

of Nitrated Substances, including the Fulminates, Smokeless Powders, and 

Celluloid. By P. Gerald Sanford, F.I. C, Consulting Chemist to the Cotton 

Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0 

" One of the very few text-books in which can be found just what is wanted. Mr. Sanford 

goes steadily through the whole list of explosives commonly used, he names any given explosive, 

and tells us of what it is composed and how it is manufactured. The book is excellent."— fn^'fteer. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 
With Chapters on Explosives in Practical Application. By M. Eissler, M.E. 
Second Edition, Enlarged. Crown 8vo, cloth . . 1 2/6 

" A veritable mine of in ■brmatim on the subject of explosives employed for" military, mining 
and blasting purposes."— Army and Navy Gaxttte. 
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A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Illustrations 
and Working Drawings, Second Eklition, with Additions. Super-royal 8vo, 

cloth ■ . . . £1 lOa, 

" We find not merely a sound and luminous explanation of the chemical principles of the 
tntde, but a notice of numerous matters which have a most important bearing on the successful 
coDduct of alkali works, but which are generally overlooked by even experienced technological 
anthois," — Ckemical Review, 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising there&om. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C, F.CS. Crown 8vo, 374 pp., cloth .... 9/0 
" Merits a wide circulation, and an intelligent, appreciative study." — Chemical News. 

THE BLOWPIPE IN CHEMISTRY, MINERALOQY, Etc. 

Containing all known Methods of Anhydrous Analysis, many Working 

Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 

Ross, R.A., F.G.S. Second Edition, Enlarged. Crown Svo, cloth . 5/0 

" The student who goes conscientiously through the course of experimentation here laid down 

will g^ a better insight into ino^fanic chemistry and mineralogy than if he had ' got up ' any of the 

best text-books of the day, and passed any number of examinations in their contents —CAemua/ 

News. 

THE MANCAL op colours AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown Svo, cloth , 7/6 

" There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly usefiiL" — Chemical News, 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modern Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

Svo, 530 pp., cloth 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a risutn^ of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and well-established facts " — Brewers' 
Jtmmat. 

"We have great pleasure In recommending this handy book, and have no hesitation In saying 
that it is one of the best— if not the best— which hM yet been written on thg subject of beer-brewing 
In this country ; it should have a place on the shelves of every brewer's library." — Brewers' 
GuartUan, 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Fourth Edition. Crown Svo, cloth 2/0 

" Ought to have Its place In the laboratory of every metallurgical establishment and wherever 
fuel Is usea on a large scale."— CA^fnica^ News. 

THE ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c., with Tests of Purity. By H. C. Standage. Third 
Edition. Crown Svo, cloth 2/6 

*• This work is indeed tnultu*n-in.parvo, and we can, with good conscience, recommend it to 
an who come in contact with pigments, whether as makers, dealers, or users." — Chemical Review. 

A POCKET-BOOK OF MENSURATION AND QAUQINO. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant, Inland Revenue. Second Edition, 

Revised. i8mo, leather 4/0 

" Should be in the hands of every practical brewer." — Brewers' journal. 

C 2 
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TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tayler, A. M. Inst. C.E. Medium 8vo, 468 pp. With 21S 
Illustrations ^et 25/0 

Summary of contents. 
Mechanical Cultivation or Tillage of the soil.— plucking or Gathering 
the leaf.— tea factories.— the dressing, manufacture, or preparation 
of tea by mechanical means. — artificial withering of the leaf.— 
machines for rolling or curling the leaf.— fermenting process. — 
machines for the automatic drying or firing of the leaf.— machines for 
non-automatic drying or firing of the leaf.— drying or firing machines. 
— breaking or cutting, and sorting machines.— packing the tea.— means 
OF Transport on Tea plantations.— miscellaneous machinery and apparatus. 
—Final Treatment of the Tea.— Tables and Memoranda. 

" The subject of tea 'machinery is now one of the first interest to a lat^ class of people, to 
whom we strongly commend the volume."— Chamber of Commerce youmal. 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is cilmost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery." — yoitmal Sccie^ o/Arts, 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 
Regierungsrath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from die Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powles, Assoc. Memb. 
Institution of Civil Engineers. Nearly 4.00 pp. Illustrated with 28 Folding 
Plates, and 167 Woodcuts. Royal 8vo, cloth £1 Ss. 

" This invaluable work is, and will remain, the standard authority on the science of mlllii^. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem milling in good, 
sound English, which has little. If any. trace of the Gnrman idiom."— T'Ac Miller. .- "* " 

" The appearance of this celebrated work in English is very opportune, and Britishjmillers 
will, we are sure,' not be slow in ayailing themselves of its pages." — millers^ Gazette. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . , 7/6 

"This invaluable volume is a distinct advance in the literature of cotton manufacture."— 
Machinery, 

" It is thoroughly reliable, fulfilling nearly all the requirements desired. "—GAzj-^ow Herald, 

MODERN CYCLES. 

A,Prac.tical.Han,dboo)c on their Construction and Repair. By A. J. Wallis- 
Tayler, A. M. Inst. C. E., Author of " Refrigerating Machinery," &c. With 
upwards of 300 Illustrations. Crown 8vo, cloth 10/6 



"The large trade that is done in the component parts of bicycles has placed in the way of 
men mechanicaUy inclined extraordinary facilities for building bicycles for their own use. . . . The 
book vnll prove a valuable guide for all those who aspire to the manufacture or repair of their own 
machines. —TA* Field. 

"A most comprehensive and up-to-date treatise." — The Cycle, 

"ATeryusefulbook,whic)i is quite entitled to r^mk as a standard work for students of cycle 
construction. '— Wheeling.. 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A- J. Wallis-Tayler, Assoc. Memb. Inst. C.E., Author of "Modern 

Cycles," &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 

"The book is clearly expressed thro'ighout, and is just the sort of work that an engineer, 

thinking of turning his attention to motor-carriage work, would do well to read as a preliminary to 

starting operations. "—^w^'/fwnw^-. 
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PRACTICAL TANNING. 

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flemming, 
American Tanner, 472 pages. 8 vo, cloth. [Just Publisfud. Net *Jt.Q}Q 

THE ART OF LEATHER MANUFACTURE. 

Being.a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Ex^luned, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt. Fourth Edition. Crown 8vo cloth. 

9/0 
"A sound, comprehensive treatise on tannin? and its accessories. The book is an eminently 
▼alaable production, which redounds to the credit of both author and publishers." — Chemical 
Review, 

THE ART OF SOAP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on' Modern Candlemaking. Crown 8vo, cloth . 7/6 
"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his art." — Chemical News. 

"A thoroughly practiced treatise. We congratulate the author on the success of his endeavour 
to fill a void in Engush technical literature." — Nature. 

PRACTICAL PAPER-MAKINO. 

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clapperton, Paper-MsJcer. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth , .6/0 
** The author caters for the requirements of responsible mill hands, apprentices. Sic, whilst 
his maniial will be found of great service to students of technology, as well as to veteran paper- 
makers and mill owners. The illustrations form an excellent feature." — The IVorid's Paper Trade 
Revicai. 

THE ART OF PAPER-MAKINO. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 

Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 

Wood Fibre, with a Description of the Machinery and Appliances used. To 

which are added Details of Processes for Recovering Soda from Waste Liquors. 

By Alexander Watt. With Illustrations. Crown Svo, cloth . . 7/G 

"It may be regarded as the standard work on the subject. The book is full of valuable 

tnformatioii. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 

technical class, or for the private student." — Paper and Printing Trades youmal, 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth 3/6 

CEJHENT5, PASTES, QLUES, AND QUMS. 

A Practical Guide to the Manufacture and Application of the various Aggluti- 
nants required in the Building, Metal- Working, Wood-Working, and Leather- 
Working Trades, and for Workshop and Office Use. With upwards of 900 
Recipes. By H. C. Standagb. Third Edition. Crown Svo, cloth . 2/0 
"We have pleasure In speaking favourably of this volume. So far as we have had 
experience, which is not inconsiderable, this manual is trustworthy." — Aiketiautn. 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK, 

Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By 
Richard Bitmead. Illustrated with Plans, Sections, and Working Drawings. 
Small crown Svo, cloth , . 2/6 

FRENCH POLISHING AND ENAMELLINQ. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes, Varnishes, Glaze- Lacquers, Revivers, &c. By Richard Bitmead, 
Author of " The Cabinet- Maker's Guide." Small crown Svo, cloth . 1 /6 
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WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds cff English 
and Foreign Watches, Repeaters, Chronographs and Marine Chronometers. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over 200 Illustrations, Crown 8vo, cloth. 

i/ust Published. Net 4/6 

MODERN HOROLOGY. IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 

of Horology at Macon, by Julien Tripplin, F.R.A.S., Besan9on Watch 

Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 

Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 

Edition. Super-royal 8vo, £2 28. cloth; half-calf . . . £2 IDs. 

" There is no horologiczil work in the English lan^age at all to be codapared to this produc- 

tlon of M. Saunter's for clearness and completeness. It is alike good as a guide for the student and 

as a reference for the experienced horologist and skilled workman." — Horological youmal, 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
—In fact, the Book of Books is M. Saunier's ' Treatise.' "—fVatchmakert yeweller, anaSilvcrsmUh. 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Malung,. 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. E. Fritts. 370 pp., with Illustrations, 8vo, cloth . . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunier, and enlarged-by Julien Tripplin, F.R.A.S., and Edward Rigg, 
M.A., Assayer in the Royal Mint. Third Edition. Cr- 8vo, cloth. . 9/0 
" Each part is truly a treatise in itself. The arrangement is good and the Icuiguage Is clear 
and concise. It is an admirable guide for the young watchmaker." — Engineering. 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.B.H. Inst. 1/6 hoards ; or cloth, gilt . 2/6 
" The best which has yet appeared on this subject in the English language."— /«rf«jiW<Lr. 
" Open the book where you may, there is interesting matter in it concerning the ingenious 
devices 01 the cincient or modem horologer." — Saturday Review. 

ELECTRO PLATINQ&ELECTRO-REFININQofMETALS. 

Being a new edition of Alexander Watt's "Electro-Deposition." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth., . Net 1 2/6 
"Altogether the work can be highly recommended to every electro-plater, and is of un- 
doubted interest to every electro-metallurgist."— i'^ertrzca/ Review. 

"Eminently a book for the practiced worker in electro-deposition. It contains practical 
(iKCriptions of methods, processes and materials, as actually pursued and used ia the workshop."— 
Engineer^ 

ELECTRO-METALLUROY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. i2mo, cloth 3/6 

" From this book both amateur and artisan may leam everything necessary for the successful 
prosecution of electroplating."- /raw. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee. Crown Bvo. 7/6 
" This manual of technical education Is apparently destined to be a valuable auxlliarv to a 
handicraft which is certainly capable of great hnprovement."— TVie Times. 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel Gold 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Vonrth 
Edition, Revised. Crown 8vo, cloth , g/Q 

"An excellent practical manual." — Engineering, 

" An excellent work, giving the newest '\vSoxms.^\o\\."^Horolegical yournal. 
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ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Llectro-Deposition of Metals. By J. W. Ukquhart, C.E. Crown 8vo, 

cloth 5/0 

" The book is thoroughly practical ; the reader is, therefore, conducted through the leading 

laws of electricity, tiien through the metals used by electrotypets, the apparatus, and the depositing 

processes, up to the final preparation of the woik." — ^rt journal. 

aOLD5MlTH'5 HANDBOOK. 

By George: E. Gee, Jeweller^ &c. Fifth Edition. i2mo, cloth , . 3/0 
"A good, sound educator." — Horolo^al yot*mal. 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, lamo, cloth ........... 3/0 

"The chief merit of the work Is Its practical character. . . . The workers in the trade will 
speedily discover its merits when they sit down to study it." — English Mechanic, 

*if* The above two works together^ strongly half-bound^ price 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Hqrner, 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . . 7/6 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By Miss M. L. Allen (Mrs. A. 
Macaire), Author of " Breakfast Dishes/' &c. Twenty-ninth Edition. F'cap 
8vo, sewed 1 /O 

BREAKFAST DISHES 

For Every Morning of Thrte Month*^. By Miss Allen (Mrs A. Macaire), 
Author of "Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed 1/0 

BREAD & BISCUIT BAKER'S & SUGAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 
Bread-making. By Robert Wells. Third Edition. Crown 8vo . .1/0 

" A large number of wrinkles for the ordinary cook, as well as the baker." — Saturday Review, 

PASTRYCOOK & CONFECTIONER'S QUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of " The Bread and Biscuit Baker " . . 1/0 
" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this book." — Bakers' Titnet. 

ORNAMENTAL CONFECTIONERY. 

A Gtiide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modern Recipes, and Remarks on Decorative and Coloured Work. With 129 

Original Designs. By Robert Wells. Crown 8vo, cloth . . . 6/0 

"A valuable work, practical, and should be in the hands of every baker and confectioner. 

The Illustrative designs are worth treble the amount charged for the work." — Saiers' Fitnes. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 
remarks on the Ingredients Used in their Manufacture. By R. Wells. 1 /O 
" The work is of a decidedly practical character, and in every recipe regard is had to economical 
woridng." — J^orth British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloane, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth. , . , 6/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines," &c. 
CroMm 8vo, 144 pp., price is. each. 

IS* These Hahdvbooks have been written to supply information for Workmen, 
Students, and Amateurs in the several Handicrafts, on the actual Practice of 
the Workshop, and are intended to convey in plain language Technical Know- 
i^DGE of the several Crafts. In describing the processes employed, and the manipu- 
lation of material, workshop terms are used; workshop practice is fully explained ; 
and tht text is freely illustrated with drawings of modem tools, appliances, and 
processes. . 

METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With loo Illustrations, 

1/0 

" The book will be of service alike to the amateur and the artisan turner. It displays 
thoroug^h knowledge of the subject." — Scotsman. 

WOOD TURNER'S HANDYBOOK, 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations. 

1/0 

" We recommend the book to youngf turners and amateur^. A multitude of workmen have 
hitherto sougrht in vain for a manual of this special industry." — Mechanical IVorld. 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations 1 /O 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this Inexpensive work." — Clerkenwell Chronicle. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 
upwards of 100 Illustrations I/O 

" A most valuable, if not indispensable manual for the pattern maker." — Knowledge. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracmg Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 200 Subjects 1/0 

" A very clever and useful book, which should be found in every workshop ; and It should 
certainty find a place in all technical schools. "^^Sa/Mrt^^ Review. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 
upwards of 100 Illustrations. . . . I/O 

".Mr. Hasluck has produced a very good little book," — Builder. 

CLOCK JOBBER'S HANDYBOOK". 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

xoo Illustrations 1/0 

" It is of inestimable service to those commencing the trade." — Coventry Standard. 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of 100 Illustrations . •I/O 
"Mr, Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in cabmet-work." — Saturday Review. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Processes 
Employed in Woodworking. With 104 Illustrations -j /Q 

" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to others." — EngiHeerine, 

"Mr. Hasluck writes admirably, and gives complete Instructions." — Engineer. 

" Mr. Hasluck combines the experience of a practiced teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what 
can be produced at a ^of>\x\i.r T)i\ce,"~SchoolntasUr, 

"Helpful to workmen of all ages and degrees of experience."— Z?a^^ Chronicle, 

*' Concise, clear, and practical." — Saturday Review. 
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LESSONS IN COMMERCE. 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa. 

Edited and Revised by James Gault, Professor of Commerce and Commercial 

Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The publishers of this work have rendered considerable service to the cause of commercial 

education by the opportune production of this volume. , . , The work is peculiarly acceptable to 

RngiUh readers and cui admirable addition to existing class books. In a phrase, we think the work 

attains its object in furnishing a brief account of those laws and customs of British trade with which 

the commercial man interested therein should be familiar."— CAom^e^* o/Comtrterce journal. 

"An invaluable guide in the hands of those who are preparing for a commercial career, and, 
bi fact, the information it contains on matters of business should be impressed on everyone."— 
Countit^ House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in - Five Languages — English, 

French, German, Italian, and Spanish. By Conrad E. Baker. Third 

Edition, Carefully Revised Throughout. Crown 8vo, cloth . . . 4-/6 

" Whoever wishes to correspond In <iU the languages mentioned by Mr. Baker cannot do 

better than study this work, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but — what are fer more useful — short passages, sentences, or 

phrases expressing the same general idea in various forms." — Athefusufn. 

"A carefiil examination has convinced us that it Is unusually complete, well arranged and 
reliable. The book is a thoroughly good one."—Sck4Ml*Haster. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details ; the Income Tax Acts ; the Rating of 
Factories; Fire and Boiler Insurance ; the Factory and Workshop Acts, _&c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emile Garckb and J. M. Fells. Fifth Edition, Revised and Enlarged. 

Demy 8vo, cloth 7/6 

"A very interesting description of the requirements of Factory Accounts. . . . The principle 

of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 

agree with." — Accountants' journal, 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great bwiefit from the perusal of this most admirable vot)KJ'~-Local Government Chronicle. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 
crown Svo, cloth 1 2/6 

"We recommend the work to all hiterested Ui the practical reform of our weights and 
measates,"— Nature. 

A SER1E5 OF METRIC TABLES. 

In which the British. St^dard. Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. ByC. H. Dowling, 
C.E. Svo, cloth 1 0/6 

" Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the oKheit."—Athenaunt. 

IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per cwt. to iias. per cwt,, and from one farthing per pound to 
one shilling per pound. By Thomas Downie. Strongly bound in leather, 
396 pp 9/0 

" A most useful set of tables, nothing like them before existed." — Buildine News. 

" Although specially adapted to the Iron and metal trades, the tables wiU be found useful m 
every other business in which merchandl<« Is bought and sold by weight." — Ratliuay Nktu*. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 250,000 Separate Calculations, showing at a Glance tbe 
Value at 422 Different Rates, ranging from ^^th of a Penny to 20s. each, or per 
cwt., and £zo per ton, of any numher of articles consecutively, from i to 470. 
Any number of cwts., qrs., and lbs., from 1 cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from i to i,ooa tons. By William Chadwick, 
Public Accountant. Third Edition, Revised and Improved. 8vo, strongly 

bound 18/0 

" It Is as easy of reference for any answer or any number of answers as a dictionary. For 
making up accounts or estimates tlie book must prove mvaluable to_ all who have any considerable 
quantity of calculations involving price and measure in any combination to do." — Eng^neef. 
" Tbe most perfect work of the kind yet prepared."— G/aas'ffW Herald. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from x lb. to 15 tons, at_ 300 
Progressive Rates, from id. to i68s. per cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,266,000 
Answers ; the wnole being calculated and designed to ensure correctness and 
promote despatch. By Hbnrv Harben, Accountant. Sixth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound. [Just PttSlished. £1 6s. 

"A practical and useful work of reference for men of business generally."— /ri7«»»<OT^?". 

"Of^priceless value to business men. It is a necessary book in all mercantile offices,"— 
Shi0tld Independent. 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which may be ascertained the Exact Profit arising 
from any mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which ' are added Tables of Profit or 
Advance from z| to 90 per cent., Tables of Discount from i| to 98I per cent., 
and Tables of Commission, &c., from \ to zo per cent. By Henry Harben, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 6 s. 
" A book such as this can only be appreciated by business men, to whom the saving of time 

means saving of money. The work must prove of great value to merchants, manufacturers, and 

general traders." — British Trade 3^oumal, 

TABLE5 OF WAGES. 

At 54, 52, 50 and 48 Hours per Week. Shovring the Amounts of W^es from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 55s. per week. By Thos. Garbutt, 
Accountant. Square crown Svo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
I foot by 6 in. by J in. to 10 feet by 5 feet by i in. Worked out on tbe Basis of 
40 lbs. to the square foot of Iron of 1 inch in thickness. By H. Burlinson 
and W. H. Simpson. 4to, half-bound £1 6s> 
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THE COMPLETE QRAZIER AND FARMER'S AND 
CATTLE BREBDER'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
up to Present Requirements, by William Fream, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, Author of " The Elements of 
Agriculture," &c. Royal 8vo, 1,100 pp., 450 Illustrations, handsomely bound. 

£1 lis. 60. 
BOOK I. ON THE Varieties, breeding, 
REARING, Fattening and manage- 
ment OF Cattle. 

BOOK II. ON THE ECONOMY AND MAN- 
AGEMENT OF THE Dairy. 

Book III. On the breeding, Rearing, 
AND Management of horses. 

Book IV, On the breeding, rearing, 
AND Fattening of SAbep. 

BOOK V. On the Breeding, Rearing, 
AND Fattening of Swine. 

BOOK VI. ON THE Diseases of live 

STOCK. 



BOOK VII. ON THE Breeding, rearing, 
AND Management of poultry. 

BOOK VIII. ON FARM OFFICES AND 
IMPLEMENTS OF HUSBANDRY. 

BOOK IX. On the CULTURE AND MAN- 
AGEMENT OF Grass Lands. 

Book x. on the cultivation and 
application of grasses, pulse and 
Roots. 

Book XI. On manures and their 
Application to Grass land and 

CROPS. 

BOOK XII. Monthly Calendars op 
Farmwork. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a -work 
which will at once become the standcurd classic of the farm practice of the country. We believe 
that it will be found that it has no compeer among the many works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull, 
New Year's Gift, bred by the Queen, is a work of art. "—The TiTnes. 

" The book must be recognised as occupjring the proud position of the most exhaustive work 
of reference in the English language on the subject with which it A&^."—Athcnteum. 

"The most comprehensive guide to modem farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owner," — Mark Lane Express. 

"In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
onlque position among books dealing with scientific agricultural practice. It is, in fact, an agricul- 
turcU, library of itself."— TViprtA British Agriculttirisi. 

FARM LIVE 5T0CK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 

Rural Economy in the University of Edinburgh. Third Edition, thoroughly 

Revised and considerably Enlarged. With over 120 Phototypes of Prize 

Stock. Demy 8 vo, 384 pp., with 79 Plates and Maps, cloth. . . 12/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 

Britain, and one which is likely to find its way to the shelves of every country gentleman's library," 

—The Times. 

" The ' Farm Live Stock of Great Britain ' Is a production to be proud of, and its Issue not the 
least of the services which its author lias rendered to agricultural science." — Scottish Jutrtner. 

NOTE-BOOK OF AGRICULTURAL FACT5 & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 

Society, Author of "Elements of Farming." Sixth Edition, Re-written, Revised, 

and greatly Enlarged. Fcap. Svo, 480 pp., leather, gilt edges • 6/0 

Contents.— SuR\'EYiNG and Levelling.— weights and measures.— Machinery 

and buildings. — labour. — operations. — draining. — embanking. — geological 

Memoranda. — soils. — manures. — Cropping. — Crops.— Rotations. — weeds. — 

FEEDING.— DAIRYING.— Live STOCK.— HORSES.— CATTLE. — SHEEP.— PiGS.— POULTRY,— 

FORESTRY.— Horticulture.— Miscellaneous. 

** No farmer, and certainly no agricultural student, ought to be without this tnultum-in-fiarvo 
manucil of all subjects connected with the farm." — North British Agriculturist. 

"This little pocket-book contains a large amount of useful information upon all kinds of 
agricultural subjects. Something of the kind has long been wanted."— Afa?-* Lane Expt ess. 

"The amount of Information it contadns Is most surprising; the arrangement of the matter is 
so methodical — although so compressed — as to be Intelllgihle to everyone who takes a glance through 
its pages. They teem with information." — Far7n and Home. 

THE ELEMENTS OF AGRICULTURAL QEOLOQY. 

A Scientific Aid to Practical Farming. By Primrose McConnell. Author of 
"Note-Bookof Agricultural Facts and Figures," &c. Royal Svo, cloth. 

iVe( 21/0 

"On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we liave nothing but unstinted praise to offer," — Field. 
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BRITISH DAIRYING. 

A Handy Volume on the Work of the Dalry-Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Sheldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 2/6 

" Confidently recommended eis a useful text-book on dairy farming." — Agricultural GaxetU. 

" Probably the best half-crown manual on dairy work that has yet been produced." — North 
British Agriculturist. 

" It 15 the soundest little work we have yet seen on the subject," — The Times. 

iWILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and 200 Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustive and masterly production. It may be cordially recommended to all students 
and practitioners of dairy science.— TVor/A British Agriculturist. 

" We recommend this very comprehensive and carefully-written book to dalty-farmers and 
students of dairying. It is a distmct acquisition to the library of the agncultansW—Agtieultura/ 
Gazette. 

SYSTEMATIC SMALL FARMING, 

Or, The Lessons of My Farm. Being an Introduction to Modern Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modern Farming," &c. Crown 8vo, cloth 6/0 

" This is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure, and accept as a. guide." — Field. 

OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming and Farming 
Economy—Cattle^ ^^^^) ^"<^ Horses— Management of Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 12/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines ; 
Field Implements and Machines', Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

"Written with great care, as weU as with knowledge cuid ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural staAzats."— Mark Lane Express. 

THE FIELDS OF QREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 
i8mo, cloth 2/6 

",It is a long time since we have seen a book which has pleiised us more, or which contains 
-such a vast and useful fund of knowledge." — Educatiorutl Times. 

TABLE5 and MEMORANDA for FARMERS, GRAZIER5, 
AQRICULTDRAL 5TUDENT5, SURVEYOR3. LAND AQHNT5, 
AUCTIONEERS, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 
Edition. 272 pp., waistcoat-piocket size, limp leather . . . • 1/6 



" Weighing less than z oz., and occupylngno more space than a match-box, It contains amass 

icts ana calculations which has never before, in such handy form, been obtainable. Every 

operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 



the tables having been revised by Dr. Fream. We cordially recommend \t."~Belfs Weekly 
Messenger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LBSSONS FOR FARMERS. 

Part I. Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, doth. 

3/6 

*' We have no doubt that the book will be welcomed by a large class of farmers and others 
•Interested In agriculture." — Standard. 
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FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bernard Dvbr, D.Sc. (Lond. V With the Text of the Fertilisers and Feeding 
Stuffx Act of 1893, The Regulations and Forms of the Board of Agriculture, 
and Notes on the Act by A. J.David, B.A., LL.M. Fourth Edition, Revised. 
Crown 8vo, cloth. i/us£ PMblished. 1 /O 

"This little book is precisely what it professes to be — 'A Handbook for the Practical 
Farmer.' Dr. Dyer has done farmors good service in placii^ at their disposal so much useful 
InformaHon in so intelligfible a form." — The Times, 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper "t/Q 

BOOK-KEEPINQ for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 
Fourth Edition. Crown 8vo, cloth. [Jwt Published. 2/6 

" The volume is a capital study of a most Important subject." — Agricultural Gazette, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Lahour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End ot the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound Net 7/6 

" Contains every requisite for keeping farm accounts readily and accurately." — Agriculture. 

THE FORCINQ GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 3/6 

** A good book, containing a great deal of valuable teaching." — Gardeners' Magazine. 

A PLAIN QUIDE TO QOOD QARDENINQ. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fourth 
Etution, with considerable ^Additions, and numerous Illustrations. Crown 
8vo, cloth 3/6 

** A very good book, and one to be highly recommended as a practiced guide. The practical 
directions are excellent." — Athenaunt. 

MULTUM-IN-PARVO QARDENINQ. 

Or, How to Make One Acre of Land pi-oduce £,tia » year, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise £176 per annum clear Profit. By Samuel Wood, Author of 
"Good Gardening," &c. Sixth Edition, Crown 8vo, sewed . . '1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth , 3/6 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN QARDENINQ. 

By C. W. Shaw, late Editor of "Gardening Illustrated." Crown 8vo, cloth. 

3/6 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLES FOR PURCHA5INa ESTATES 

AND FOR THE VALUATION OP PROPERTIES, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c., &c. 2^th Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth, 

[Just Published. Net SIQ 
" Those interested (n the purchase and sate of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will hnd the present edition of 
eminent service." — Engineering, 

" This valuable book has been considerably enlarged and improved by the labours of 
Mr. Schoolihg, and is now very complete indeed." — Economist. 

" Altogether this edition will prove of extreme value to many classes of professional men in 
saving them many long and tedious caXcaXa.tio'os."— Investors' Review. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AGENT AND VALUER'S POCKET A55ISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c- By 
John Wheeler, Valuer, ,&c. Sixth Edition, Re-written and greatly Extended 
by C. NoRRis. Royal 32mo, cloth G/Q 

" A neat and concise book of reference, containing an admirable and clearly-arranged list of 
prices for inventories, and a very practical guide to determine the value of furniture, &c. "-Standard, 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
Inventories, and a guide to determine the value of interior fittings and other effects." — Builder. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/6 
"The work is one of general excellent character, and gives much information In a com- 
pendious and satisfactory iorm." —Builder. 

" May be recommended as giving a great deal of Information on the law relating to 
auctioneers, in a very readable form, ' — La-w Journal, 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c. By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 and igoo. Crown 8vo, cloth . Net QIQ 

" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weights of timber, and farm produce of all kinds." — Agricultural Gazette, 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all kinds."— J^armer, 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth 3/6 

•' To valuers, foresters and agents it will be a welcome aid."— North BriHsk Agriculturist. 

" Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest 
and use both to surveyors and auctioneers in preparing valuations of all kinds."— Jfen/ Herald, 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

I^et 7/6 

" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference." — Live Stock Journal. 

" It is a sin^larly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed." — Scotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates, With Tahles for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

Royal 32mo, leather, elastic band 4/0 

" Of incalculable value to the country gentleman and professional man. "—J^ar»M»-j' Journal, 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relatmg to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0 
" A compendious and handy little volume." — Spectator. 

THE LAND VALUER'S COMPLETE POCKET=BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY, 

A Popular and Practical Guide to_ the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures: 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Ardiitect and Surveyor. 
Sixth Edition. i2mo, cloth 6/0 

'* The advice is thoroughly practicaL" — Zjito Journal. 

" For all who have dealings with house property, this is an Indispensable guide." — Decoration. 
" Carefully brought up to date, andmuchimproved by the addition of a division on I^e Art. 
A well-written and thoughtful work." — Land Agents' Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
E. Mackie, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 
" This invaluable guide to journalism is a work which all cispirants to a journalistic career will 
read with advantage."— ytwrKa/Mt 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways, Gas and Water Works, &c. 
By L. L. Macassey, of the Middle Temple, Barrister-at-Law, M.I. C.E. 
Svo, cloth £1 5s. 

PATENTS for INVENTIONS, HOW to PROCURE THEM, 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy Svo, cloth . .1/6 

CONCILIATION* ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jeans. Crown Svo, 200 pp., 
cloth . .... SJ/6 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
Dictionary of Legal Terms. By A Barrister. Forty-first Edition, care- 
fully Revised, and comprising New Acts of Parliament, including the Motor 
Car Act, 1903; Employment of Children Act, 1903; Pistols Act, 1903; Poor 
Prisoners' Defence Acty 1903 ; Education Acts of 1902 and 1903 ; Housing of 
the Working Classes Act, 1903, &c. Judicial Decisions pronounced diiri igthe 
year have also been duly noted. Crown 8vo, 800 pp., strongly bound in cloth. 

l/ust Published.Z,SIS 

*** This Standard Work of Reference forms a Complete Epitome of the 
Laws of England, comprising {atnongst othermatter): 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



j_andlord and tenant 
vendors and purchasers 
Leases and mortgages 

ioiNT-STocK Companies 
lasters, servants and workmen 
contracts and agreements 
money lenders, suretiship 
Partnership, Shipping Law 
Sale and Purchase of Goods 
Cheques. Bills and notes 
Bills op Sale, Bankruptcy 
Life, Fire, and Marine insurance 
Libel and Slander 



CRIMINAL Law 
parliamentary elections 
COUNTY Councils 
District and parish Councils 

BOROUGH corporations 

Trustees and Executors 
Clergy and churchwardens 
Copyright, patents, trade marks 
Husband and wife. Divorce 
Infancy, custody of children 
Public health and Nuisances 
innkeepers and Sporting 
Taxes and Death duties 



Forms of Wills, agreements. Notices. &;C. 

W^" The object of this -work is to ettabie those -a/ho consult it to help themselves to the 
lata : and thereby to dispense, as far as Possible, luith professional assistant and advice. There 
are many ittrongs and grievances •which persons subtnit to from time to Htne through not 
knowing how or where to apply for redress; and many persons have as great a dread of a 
lawyer's office as of a lion's aen. With this book at hand it is believed that many a SIX-AND< 
EIGHTPENCE may be saved; many a wrong redressed ; many a right reclaimed; many a law 
suit avoided; and many an evil abaUd, TJte work has estaohshed itself as the standard legal 
adviser of all classes, and has also made a reputation for itself as a itsejiil book of referencefor 
lawyers residing at a distance from, law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments 

%* Opinions of the Press. 

**The amount of information given in the volume is simply wonderfuL The continued 
popularity of the work shows that it fulfils a useful purpose." — Law yourtial. 

" As a book of reference this volume is without a rival."—/'*// Mall Gazette. 

" No Englishman ought to be without this book." — Engineer, 

" Ought to be in every business establisliment and in all libraries." — Sheffield Post, 

" The ' Concise Dictionary ' adds considerably to its y^\xe.'*— Westminster Gazette. 

" It ts a complete code of English Law written In plain language, which all can understand. 
, . . Should be in the hands of every business [man, and all who wish to abolish lawyers' bills."— 
Weekly Times. 

" A useful and concise epitome of the.law, compiled with considerable care. "—£(tz(/Jlf<^a«f'»e. 

" A complete digest of the most useful facts which constitute English law."— (7/oAe. 

"Admirably done, admirably arranged, and admirably cheap." — Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand." — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful qhb." —Spectator. 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlev, 
Solicitor. Fcap. Svo, cloth 3/6 
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Law 



WEALE'S SCIENTIFIC & TECHNICAL SERIES. 



MATHEMATICS, ARITHMETIC, &c. 

Geometry, Descriptive. J. F, Eeatheb , 
Practical Plane Geometry. J. F. Heathsb. 
Analytical Geometry. J. Hann & J. E. Yottno. 
Geometry. Part I. (Euclid, Bks. I.— HI.) H. 
Part II. (Euclid, Books IV., V., VI, 
XII.). H. Law . 
Geometry, in i vol. (Euclid's Elements) . , 
Plane Trigonometry. J. Hann , . 
Spherical Trigonometry. J. Hann 

The above 2 vols., bound together . 
Differential Calculus. W. S. B. Woolhouse 
Integral Calculus. H. Cox . 
Algebra. J. Hadson ... 

Key to ditto 

Book-keeping. J. Hadsok 
Arithmetic. J. K. Yocno 

Key to ditto 

Equational Arithmetic. W. Hipslet . 
Arithmetic. J. Hadson .... 

Key to ditto 

Mathematical Instruments. Heathbk & Waluislbt 
Drawing & Measuring Instruments. J. F. Heather 
Optical Instruments. J. F. Heathek 
Surveying & Astronomical Instruments. J. F, 
Heathek 

The above 3 vols., bound together . 
Mensuration and Measuring. T. Bakbb . 
Slide Rule, & How to Use it. 0. Hoabe 
Measures, Weights, & Moneys. W. S. B. Woolhotjse 
Logarithms, Treatise on, with Tables. H. Law 
Compound Interest and Annuities. F. Thouan 
Compendious Calculator. D. O'Gosmait 

Mathematics. F. Campin 

Astronomy. E. Main & W. T. Lynn . 
Statics and Dynamics. T. Baker 
Superficial Measurement. J. Haweisgs . 
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WEALE'S SCIENTIFIC & TECHNICAL SERIES. 

BUILDING & ARCHITECTURE. 

Building Estates. F. Maitlakd . . . . 2/- 

Science of Building. E. W. Takn . . . . 3/6 

Building, Art of. E. Dobsok and J. F. Allen . . 2/- 

Book on Building. Sir E. Beckett . . . . 4/6 

Dwelling Houses, Erection of. S. H. Bbooes . 2/6 

Cottage Building. C. B. Allen 2/- 

Acoustics of Public Buildings. Prof. T. B. Smith. 1/6 

Practical Bricklaying. A. Hammond . . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond. 1/6 

Brickwork, F. "Walker 1/6 

Brick and Tile Making. E. Dobson. . . . 3/- 

Practical Brick & Tile Book. Dobson k Hammond 6/- 

Carpentry and Joinery. T. Tkedgold & E. W. Takn 3/6 

Atlas of 35 plates to the above 6/- 

Handrailing, and Staircasing. O. Oollinos . . 2/6 

Circular Work in Carpentry. G. Collinos . . 2/6 

Roof Carpentry. G. Collinos 2/- 

Construction of Roofs. E. W. Takn . . . 1/6 

Joints used by Builders. J. W. Ghbi3T7 . . 3/- 

Shoring. G. H. Blagboye 1/6 

Timber Importer's & Builder's Guide. E. E. Gbandy 2/- 

Plumbing. W. P. Bttohan 3/6 

Ventilation of Buildings. W. F. Bvohan . . 3/6 

Practical Plasterer, W. Kemp 2/- 

House-Painting. E. A. Davidson . . . . S/- 

Elementary Decoration. J. W. Facet . , . . 2/- 

Practical House Decoration. J. W. Facet . , 2/6 

Gas-Fitting. J. Black 2/6 

Portland Cement for Users. H. Faija . . . 2/- 

Limes, Cements, & Mortars. - G. K. Busnell . . 1/6 

Masonry and Stone Cutting. E. Dobson . . 2/6 

Arches, Piers, and Buttresses. W. Bland . . 1/6 

Quantities and Measurements. A. C. Beaton . 1/6 

Complete Measurer. R. Hoeton . . . 4/- 

Superficia! Measurement. J. Hawkinob . . 3/6 

Light, for use of Architects. E. W. Tabn . . 1/6 

Hints to Young Architects. Wightwiok & Guillaitme 3/6 

Dictionary of Architectural Terms. J. Wbalb . 5/- 
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WEALE'S SCIENTIFIC & TECHNICAL SERIES. 

BUILDING & ARCHITBCTURE— eonM. 

Architecture, Orders. W. H. Leeds . . . . i/6 

Architecture, Styles. T. T. Bury . . . . 2/- 

The above 2 vols., bound together . . • • 3/6 
Architecture, Design. E. L. Gasbeit . . .2/6 

The above 3 vols., bound together . . , . 6/- 

Architectural Modelling. T. A. Biohabdson . . 1/6 

Vitruvius' Architecture. J. Gwilt . . . • 5/- 

Grecian Architecture. Lord Abebsisen . . • i/- 

The above 2 vols., bound together • . . . 6/- 

FINE ARTS. 

Dictionary of Painters. P. Dabyl . . . 2/6 

Painting, Fine Art. T. J. Gttlliok & J. Times . . $/- 

Grammar of Colouring. G. FiiaD & £. A. Davidson 3/- 

Perspective. 6. Ptnb 2/- 

Glass Staining & Painting on Glass . . . . 2/6 

Music. 0. 0. Sfenoeb 2/6 

Pianoforte Instruction. C. 0. Spbnoeb , . . 1/6 

INDUSTRIAL & USEFUL ARTS. 

Cements, Pastes, Glues, & Gums. H. C. Staiisaob 2/- 

Clocks, Watches, and Bells. Lord Gbiuteobfe . 4/6 

Goldsmith's Handbook. G. E. Gee . . . . 3/- 

Silversmith's Handbook. G. E. Gee , . . 3/- 

Goldsmith's & Silversmith's Handbook. G. E. Gee 7/. 



Hall-Marking of Jewellery. G. E. Gee 
Cabinet-Maker's Guide. B. Bitmead 
Practical Organ Building. W. E. Dickson 
Coach Building. J. W. Bubqess 
Brass Founder's Manual. W. Gbaham 
French Polishing and Enamelling. B. Bitmead 
House Decoration. J. W. Facet. 
Letter-Painting Made Easy. J. G. Badenocb. 
Boot and Shoemaking. J. B. Leno 
Mechanical Dentistry. C. Hvnteb . 
Wood Engraving. W. N. Bbown. 
Laundry Management 



3/- 
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2/6 
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2/- 
1/6 

s/- 
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2/- 
3/- 
1/6 

2/- 
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